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Director qf the Otological Surrey ^ 

To 
The Honorable David Laird, M. P., 

MinitUr ^the Interior ^ 

Ottawa. 
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Sir, — Respecting the investigations of the Geological Survey during the 
past season, 1873-74, 1 have the honor to report, for the information of his 
Excellency the Governor-General in Council, that, through the commenda- 
ble energy and diligence of the various members of the corps under my 
direction, very satisfactory progress has been made , and a number of JSJStton^aiid'^" 
new and important facts have been ascertained in connection with the ■**^^^' 
structural geology and also relating to the mineral resources of the Domin- 
ion ; while much valuable topographical work has likewise been accom- 
plished. Some of the facts referred to are detailed in the various Reports 
which are now submitted, while the particulars of others, which seem to 
require further investigation and study, are deferred to a future occasion. 

Besides special examinations and surveys in the field, of short duration, 
made by Dr. Harrington, Mr. Robert Barlow and Mr. Weston, the work of 
general exploration has been carried out as nearly as possible in accord- 
ance with the scheme submitted to the Hon. the Secretary of State for 
the Provinces with my letter of the 9th April, 1873. (See Appendix.) 

Before proceeding, however, to notice further the labours of myself and v^Tj^LoLSf 
colleagues, I wish to take this opportunity of recording my appreciation of 
the valuable gratuitous services which Sir W. E. Logan continues to 
give to the cause of Canadian Geology, as well as to the interests and 
objects of the Dominion Geological Survey, especially in the prosecution of 
the arduous task of unravelling the intricate details of the geological struc- 
ture and the true stratigraphical seq uence of the Lower Palaeozoic rocks in 
Eastern Canada, upon the previous mterpretation of which, through the 
abours of the Canadian Geological Survey, then under his direction, con- 

B 
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siderable doubt and uncertainty has been thrown bj recent articles, in 
Silliman's American Journal of Science and elsewhere, from the pen of Dr. 
viewiofDr.T.T. Stcrry Hunt, whose earlier views on this question, as set forth in his 
many valuable and well known reports and papers, appear to have under- 
gone an almost entire revolution, based, so far as I can understand, chiefly, 
if not entirely, on the evidence afforded by examination, comparison and 
study of specimens of rocks from Canada and from otifer widely separated 
regions, in connection with their general similarity in mineralogical char- 
acteristics, geographical position and other physical features. Whether 
the relative ages of great masses of crumpled and metamorphic strata can 
be thus determined apart from, or in the absence of pala^ontological and 
stratigraphical evidence, is a question which, as a stratigraphist of thirty 
years experience, I should decidedly answer in the negative. The degree 
and character of the metamorphism and mineralization which a group of 
strata exhibit, can not be relied on as certainly indicative of geological 
antiquity, and, as tending to strengthen this opinion, the recent researches 
of Mr. Richardson in British Columbia have shown that epidotic, chloritic 
Crystalline ^^^ serpcntinous rocks, with crystalline limestones and magnetites, are as 
c^iumbii?'^^^^*'^' characteristic of upper palaeozoic, and perhaps also of even later formations 
where they have been subjected to an equal amount of plication and fold- 
ing, as they are of the oldest palaeozoic and protozoic strata, such as those 
of Eastern Canada and the New England States. 

The point under discussion, to the elucidation of which Sir W. E. 
Logan, as above stated, is devoting his personal skill and great experience, 
may to some apppear to be one not of sufficient importance to warrant the 
arduous labour required for its satisfactory solution. But, in as much as 
the correct interpretation and delineation of the geological structure of a 
large portion of Eastern America is involved in its determination, I have 
considered it desirable that the attention of the Survey should be directed 
to it ; and accordingly Mr. Arthur Webster of the Geological Corps has 
been deputed to assist Sir William Logan, especially in making the requi- 
site topographical measurements, and he has been so employed during the 
past season, and has accomplished a large amount of very excellent work, 
which besides serving the special purpose for which it has been undertaken, 
will likewise be exceedingly valuable in the construction of an accurate 
topographical map of the region. And I am now able to state on behalf 
of Sir William Logan that a full report of the result of the investigations 
will be given, when the necessary examinations have been completed. 
Valuable assis- To Principal Dawson the Geological Survey is likewise largely indebted 
<3pai DawBonf' for his most valuable assistance in connection with the examination and 
description of the fossil plants collected by the labors of the survey in 
British Columbia and other portions of the Dominion, and also for his very 
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^valuable illustrated report on the fossil flora of the Canadian Lower Car- 
boniferous and Millstone Grit formations. It was mentioned in mj sum- 
mary report of progress presented in May, 1873, that this report was 
then bemg prepared, and would be issued shortly, and I may now state 
that it was printed and published during the past autumn, and forms a 
very valuable addition to the literature of Canadian paloeo-phytology. 
200 copies of it have been distributed in Canada and Great Britain 
and on the continent of Europe. 

My own work during the past summer has consisted in making a preli- 1*^"" °^ ^'* 
minary examination of that portion of the North West Territories of 
the Dominion extending westward from Fort Garry to Rocky Mountain 
House on the upper North Saskatchevvan River. A brief account of the 
observations made during the journey formed the subject of a paper read 
in January last before the Natural History Society of Montreal. This 
has since been published in the Canadian Naturalist, Vol vii. No. 4, and 
a fuller and more detailed Report is submitted herewith. 

With a view of hastening and facilitating the geological exploration of 
the North West territory especially in connection with the determination 
of facts relating to water supply and the occurrence of available beds of 
coal and other useful minerals in proximity to the proposed course of the 
Canadian Pacific railway, it was thought advisable to commence a series of 
borings to ba extended across the plains from Fort Garry westward. And 
accordingly the purchase of a diamond-pointed steam drill, similar to the DUtmond-point- 
one in use in New Brunswick, was sanctioned last spring by the Government 
id accordance with my recommendation (See Appendix) ; one half of the 
requisite expenditure to be bom by the Pacific railway-survey fund. 
The machine, however, which had to be purchased in New York, did not 
reach Fort Garry till the first week in August ; and partly owing to the 
late period of the year at which operations could be commenced, and 
from the want of proper tools for penetrating the great thickness of loose 
superficial deposits, as well as the requisite piping to support the sides of 
the hole, delays occurred which together with the early setting in of winter 
combined to render the season's operations far less successful than could 
have been desired. In prosecuting this work during the ensuing summer 
a different system will be adopted which, from the knowledge acquired last 
jear respecting the general character of the country to be explored and 
the difficulties to be encountered, I have every reason to believe will pro- 
duce satisfactory results. The boring operations last year were in charge Boring opera- 
of Mr. Waud, M.E., assisted by Mr. Alexander McDonald, a skilful Sbi!** "^' 
practical engineer, who had previously been employed by the Rjulroad 
department to conduct boring operations in New Brunswick and Nova 
Scotia. Of the borings made, the first, on the Icfv bank of th? Assineboine 
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near the militarj barracks, was carried tx> a depth of only 31 feet from 
the sor&ce through salt and stiff blae clay, when a layer of gravel and 
boulders was encountered, throngh which it was found iroposnble to work 
with the diamond drill. The second on the soath-west border of Shoal Lake 
lot 31, range IL, township 15, was carried to adepth of 54 feet throagh clay 
and marl with imbedded boulders, when, owing to the sides fidling in, it 
had to be abandoned. The third was commenced on the 16th of October 
at Rat Creek, 60 miles west of Fort Garry, and was carried to a depth of 
70 feet throng silt and stiff blue clay when the severity of the weather 
stopped operations. 

RFpcttaur. The details of the work and the difficulties encountered are stated in 

^^^ Mr. Waud's report. (Appendix II.) 

Simultaneous with my own explorations on the North Saskatchewan, 

Exp2oT«tiaB of otfacr portious of this great western region were being explored by Mr. 

Da^^^d Mr George Dawson along the forty-ninth parallel, in connection with the 
British American Boundary Survey ,*and by Mr. R. Bell, of the Geolo^cal 
corps, along the valley of the Qu'Appelle River westward to the elbow 
of the South Saskatchewan. Mr. Bell's report is submitted herewith and the 
result of Mr. Dawson's observations will probably be incorporated in the 
reports of the Boundary Survey. This survey I am informed it is expected 
will be completed during the ensuing summer. 

Since my return to Montreal on the 12th of November, the usual 
official duties connected with the superintendence of the work of the 
Survey and Museum, the preparation of reports, maps, &;c., connected with 
the season's explorations ; and attending to the printing and publishing of 
the volume of Reports lately issued, for 1872-73, consisting of 300 pages 
of letter press with maps and plates, has fully occupied my time and 
attention. 

GM>]oxicai Ma- ^^ ^® Muscum thc rc-arranging, re-labelling, numbering and catalogu- 

''^^ mg the collections is making satisfactory progress. When completed it is 

proposed to issue a descriptive catalogue which it is thought will tend 
materially to enhance the value of the collections both for educational 
purposes and for the general information of the public. Considering 
the size and population of Montreal, the comparatively few persons 

t2So«**' who visit the Museum, only 1000 during the past twelve months, is 
certainly somewhat remarkable. I believe this arises, however, in a great 
measure, from the fact that the character and interest of the collection is 
not generally known. The doors are now open gratuitously to the public 
every day in the week, Sundays excepted, from 10 a.m. to 4 p.m. ; and 



• The first part of Mr. Da^r son's Report has been published since the abore was writ ten , 
and is a rtij interesting and valuable report on ' The Tertiary Lignite Formation in the 
riclnitj of the forty- ninth parallel. 
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there are in the cases upwards of seven thousand named specimens of 
Canadian Fossils, Minerals and Rocks, illustrative of the economic and 
scientific geology of the Dominion. 

In the library, which already contains upwards of 2000 volumes, com-^**»»n^- 
prising standard works of reference on Geology, Mineralogy, Metallurgy, 
Chemistry and Natural History, important additions are annually made 
both by purchase and presentation. The latter comprising valuable 
reports and maps issued by State Geological Surveys in America, Europe, 
India and Australia, as well as copies of the transactions of various scientific 
societies sent in return for the publications of the Canadian Survey. Like 
the Museum, the library is available to the public for purposes of reference 
and study. Want of space, however, at present is a serious drawback to the 
realization of its full value, and also prevents the proper arrangement of 
the books, the numbering and cataloguing of which* is now in progress. 

Mr. E. Billings, who has charge of the Palseontological branch of the Pti«ontoiogio*i 
Survey and Museum, reports that in addition to his duties as Curator, he 
has been engaged in studying and describing fossils from Gasp^ and from 
^ various localities in Nova Scotia and in Ontario. Some of the results 
of these investigations are given in Part I, Vol. II, of the Paloeozoic fossils 
of Canada, which is now in the press and will be issued shortly. It will 
contsdn about fifty wood cuts and six lithographed plates of fossils with 
125 pages of descriptive text. 

Considerable additions have been made daring the year to the palaeon- Coiieouons. 
tological collections. Among these there are many new species -and three 
or four new genera, and the result of the season's collecting must be 
regarded as highly satisfactory. The principal collections are as follows : 

1. Presented by Mr. A. Hill, Carboniferous plants, Sydney, C.B 61 

2. Purchased from Mr. DeCew, Devonian Ontario 1905 

3. Collected by Mr. Weston, Silurian Arisaig 450 

" " " Devonian, York River, Gasp6. 200 

" " " " Gasp^ limestone 130 

4. " byMr. Foord, « Perc6 220 

5. Presented by Major Grant, Silurian, Hamilton, Ontario. 160 

6. Collected by Mr. Robb, Carboniferous plants, Cape Breton 65 

7. " byMr. Waud Silurian, Manitoba 19 

8. " byMr.Selwyn Silurian and Devonian, Manitoba 22 

9. " byMr, Bell, Cretaceous, Q u' A ppelle Valley. 20 
10. '' by Mr. McOuRt, Silurian, Wentworth, N.S... 300 
n. « by Mr. Richardson, Creta-eous, British Columbia... 350 

3871 

Besides the above, a number of specimens of the fossil plant remains, 
associated with the great coal and lignite bearing formations of the Western 
plains have been collected ; as also others from the coal-bearing forma- 
:tions of British Columbia. Microscopic sections of these have been nre- Misoroioopio 

" sections. 



«>:lc«^ical etetit of cisjlda. 



Tac^ tj Mr. WeEV.iL i::^! sabziitze] to Dr. Diwdm f:? exaainatioii and 
srncT. SD£ ^ r»cj: o-f Lk obsemdc^s is g^ren fag^ 47^ 4S, 75, 78 ani 



^_ *»i Mr. A. H- Fxri iLc irdst to the Sorrer, Las iyz^i a lar^e amount of 
*- ^►•^ " Ttsj eKifcli?:^ voTk in iLe prpparadon c*f dravh:^ and Ediognphs of 
foHES t: i~af5ra3e die geo]:»ical report?, an 1 f:^ iLe secood Tolume of the 
X ijs»:iif F-tsyTi? cf Canftia. Ain:ci^ these inaj be naend>ned four plates^ 
firrrL aiji I±i:zntieL OTitaininz fiftv-f:»ar SzTres of Pabeozoie fosils ; 
liirrr in-pii^ x Cretae*»>:i5 fc^dls £r>:n British Ci'osibii, aotot of large 
&R aci itKTiTTii-z rr'isaierable tme- AIsj the preparatijn of the drawings 
aii£ Ziii:'rnL:ihs f :«r die i lates, ontaiiiing twelve Sznres^ which accompames 
Atc^&io: J- c^ Mr. Eiehar-lscii's Report b the rolame ^A Repents of Pro- 
^r!« fir 1 •7i-T:3. j^ist j-Tiblishe-L Dnrinz the in?:ith of Anrast ania part 
:c St^oez-t-er Mr. F>:»rl was en jaz*i cxlecdn j fossils fr:>Tn the Deroman 
nttks ai Perre. Gi:lf c-f Sl Lawrence, rejoirel br Mr. BiLin^ t3 enable 
y^ *: ^irLz'»e:e hi* de5crpd:»n of the fossils of th? f>maii3a. 
wnr^ of Mr; t d,e earij port ci' the summer Mr. We5t>n deToie*! some time, and 
wi± cxiaieratfie sscces, to a earefbl search for fogjls in the dark earthj^ 
EaesKCMes aas^c^e^i with the dobi^ites ani serpennnes in the Eastern 
T:*wnsips. He abo sccore*! there, and sabse-q^ently at Arisaig in Nova 
5o:»i2a, a z^ziLber <4 interesting and instmctire phot >zraphs illustrating the 
gf^ii'.'pcal stmcrare of these districts. He has Ekewisc during the year 
sade a trj large nTimber of sections^ m^nnted f>r microtsoopic eiamina- 
tSx^. '.f r jcksani fosils. as well as of recent and fbsil woods firom Tarions 
posts of the ]>:rr.rr.iogL. Amongst the laner may be mentioned twenty 
ei^t £ce3 of the recent and fos^ wools from British Columbia, and. 
liirrr-fMr £ces of E^tes anl p4ant remains from the Xorth West Ter- 
ritories. The state of presenration of m>st of the plant remains from 
these Western coal formations makes it imr»3ssil'le t:> detemune their char- 
acters with^^it this method of examination. 
«r* «f ^«» The chemieal and minera^ozical branches of the Surrey, are now under 
the char^ of Dr. B. J. Harrin^on.ablT asasted bv Mr.Chrisdan Hofl&nann. 
Rejecting the inrestigatjons during the past year in these departments 
Dr. Haningtc«n reports as fallows : 

The work in the laboratory, as in the previous year, has consisted largely 
in the examination of economic minerals ; alth jugh a few rocks and minerals^ 
i&'.Te especially of 3cienti3c interest, have been analysed, 
ji r:ii Thirteen gold and alver assavs have been made, including seven of 
aampies from Marmora. Several samp les from the quartx veins of Massa- 
wippi in the Eastern Townships have been assayed. The ocoorrence of 
alluvial gold in the district makes it probable that these quartx veins may 
prove to be auriferous, as yet, however, onlv traces of the precious metal 



.■«« 
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have been detected in the samples examined. It may be mentioned here 

that the average yield of gold deduced from twenty assays of samples from 

the Marmora Veins, made in the Geological Survey laboratory during the 

past two years is 1.6367 oz. per ton of 2,000 lbs. equal to $33.81 per ton. 

Of these twenty samples, twelve were from the Gatling Mines and gave catung mines. 

an average of 1.9107 oz. to the ton, equal to $39.47. 

A yellowish decomposed vein stone brought by Mr. Richardson from 
Hope, in British Columbia, was assayed and gave at the rate of 271.48 oz. 
of silver to the ton of 2000 lbs. Besides the silver it contained lead, copper, 
iron, arsenic, antimony and sulphur. * 

A specimen of native antimony brought by Mr. Semple to the Labora- Antimonf . 
tory, stated to be from Garden River, Rupert's Land, was specially 
examined for silver but none found. 

Proximate analyses have been made of twenty-three samples of coal. Analyses ot 
Seven of these were from Vancouver Island and the results of their ^^^^*^* 
analyses have already been published in the Report of Progress for 1872- 
73. It has there been shown that although these coals have been 
spoken of by several writers as lignites, they possess all the character of 
true bituminous coals. 

Six analyses of Cape Breton coals have also been made and the results 
published in the Report just mentioned. Six of the other coals analysed 
were from the Saskatchewan River between Edmonton and Rocky Moun- 
tain House. They are all brown coals, containing from 7^ to nearly 13 
per cent of water ; but for coals of their class are very good. The average 
composition deduced from the six analyses by slow coking is : 

Water 10 34 

Volatile Combustible Matter ^ 29 90 

Fixed Carbon 53 27 

Ash 6 49 

Nine complete and eight partial analyses of rocks and minerals of scien- Anaiytetor 
tific interest have been made. Among the latter may be mentioned a newn^. "**™*'**' 
carbonate, occurring in the joints of a dyke near McOill College. This 



* This specimen was given to Mr. Richardson bj Mr. Nelson M.P, and was taken from a 
heap of several tons of similar material from a claim on the same vein as the Eureka Mine 
mentioned page 66, Geological Survey, Report of Progress, 1871-1872, and where it is 
stated that a sample of the ore from the mines was found by Dr. Hunt to contain 1.19 per 
cent of silver. This is equal to 285.60 oz to the ton of 2,000 lbs. very nearly agreeing 
with the result obtained by Dr. Harrington. From the general geological features observed 
in portions of Central British Columbia, there is every reason to anticipate that a rich silver 
bearing region exists there, which only requires for its speedy development, the introduc* 
tion of the capital, enterprise and skill which are certain to follow the opening up of direct 
communication with the East ; but for the present want of which the silver veins, as well 
many of the other great natural resources of this portion of the Dominion, remain unpro 
ductive and neglected. A. R. C. S. 
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mineral was first noticed by Dr. Dawson and has accordingly being named 
Dawiofute. It is interesting on account of its containing over 30 per 
cent of alumina, probably in a state of combination with the carbonic acid- 
Four mineral waters have been analysed, two qualitatively and tvo 
quantitatively. The quantitative analyses by Mr. Hoffmann were published 
of ml- in the Beport of Progress 1872-73, Report of Mr. Robb, page 281. One 
of these waters from the Gowrie Mine, Cape Breton, contained large quan- 
tities of ferric sulphate, probably derived from the decomposition of pyrites 
in the coal. The corrosive action of water of this kind upon pumps often 
occasions much difficulty and necessitates lining them with wood. 

During the month of June considerable time was devoted to the inves- 
tigation of the relations of some of the trap dykes which cut the palaeozoic 
iBTertigation limestoncs in rear of the Montreal reservoir. Mr. William Dawson kindlv 

and mirey of , . ^ ^ 

tmp.d7kes. assisted in surveying their courses and they have since been mapped 
to scale. They may be divided into trachy tic and doleritic, or acidic and 
basic dykes, the trachytic being the older. The latter are probably all of 
the same age, but the doleritic ones belong to at least three different erup- 
tions which have all taken place since that of the trachytic. Some of the 
minerals which they contain have been collected, among them, in addition 
to the normal constituents of the rocks, are, sodalite, dawsonite, fluorite, 
calcite, celestine, pyrite, pyrrhotite, quartz, mica, and a green mineral 
which is probably epidote, 
ironminMof Later in the season, nearly all the iron mines which are being worked 
tMd NoVa in the provinces of Ontario, Quebec and Nova Scotia were visited, as 
well as many which are not in active operation. Large collections of the 
ores were made and will be available for the Museum when sufficient space 
is obtained to display them. When properly arranged they will form an 
interesting series, as they were collected specially with the view of illus- 
trating the mineral associations and characters of the Canadian iron ores. 
Dr« Harrington's report on the above named examination and on Cana- 
dian Iron Ores and their development is submitted herewith. 
Ezpionttion in The labours during the past season of Mr. Richardson in British Colum- 
g^tift^dcljebia, of Mr. Vennor in Ontario, of Messrs McOuat and Barlow in Nova 
^ ^ ' Scotia and of Mr. Robb in Cape Breton, are detailed in the respective 
reports of these gentlemen, which are submitted herewith. In all the 
localities named, observations and measurements have been made, whic 
form valuable and important contributions to our knowledge of the 
geology and the topography of the Dominion. 

In New Brunswick, Professor Bailey and Mr. Ells have been engaged 

in perfecting the Geological map of the Grand Lake and Clones coal-fields, 

feMor^Biuie^*"*' ^^^ ^^ ^^® adjacout older formations on the southern borders of the cm- 

ficwBrttMwiS^^'^^^®^^^^^ area within the counties of Sunbury and Queens. For this 
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purpose it has been necessary to perform a considerable amount of topo- 
graphical work ; 1150 miles of roads, streams and other features have been 
measured, chiefly by odometer, and carefully plotted on a scale of 100 chains 
to the mch ; while the limits of the various formations have been traced out 
in greater detail and laid down on the map. When finished, which it is 
hoped it nrill be next season, the map cannot fail to be of great value geolog- completion of 
ically and otherwise. Already the chief superintendent of education inmap^(^Gnuid 
New Brunswick has applied for and been furnished with a tracing of it, coaTfleids. 
to aid his officers in the adjustment of the boundaries of school districts. 
And the Commissioner of Works has made a similar application on behalf 
of the Board of Works and other local government departments, which has 
likewise been complied with. This map, a portion of which is now in the 
hands of the engraver, it b proposed to publish next year to accompany a 
•complete report by Professor Bailey and Mr, Matthew upon the region 
which it will embrace. 

I have the honor to be, 

Sir, 
Your obedient servant, 

ALFRED R. C. SELWTN. 

Montreal, May 1874. 
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APPENDIX. 

Montreal, 9th April, 1873. 

Sir, — I have the honor to acknowledge the receipt of your letter of the^ 
4th April, informing me that the Secretary of State for the Provinces 
wishes to be furnished with a detailed statement of the proposed opera- 
tions of myself and the other members of the Geological Corps daring 
the coming season, and that a discussion will probably take place shortly 
in the House of Commons upon the propriety of having a combined geo- 
graphical and geological exploration of the Fertile Belt of the North West 
Territory made this year, and further requesting me to state whether such 
a survey is included in my proposed operations, also whether there are 
any fields of exploration not included in my proposed scheme of operations 
for the current year, but which I think it would be desirable, on public 
grounds, should be entered upon this season, and, if so, to specify ; 

1st. What these particular fields of Exploration are ; 

2nd. What funds are required to carry out such explorations as I 
would recommend ; and, 

3rd. Whether, in the event of the 'necessary funds being supplied, I 
could command the requisite staff to conduct the proposed operations. 

In the annexed statement are given particulars which I think will be 
found to contain the information sought for in the above questions. 

I have the honor to be, 

Sir, 
Your Obedient Servant, 

(Signed,) ALFRED R. C. SELWYN. 

E. A. Meredith, Esq., LL.D., 

Under Secretary of State for the Provinces, Ottawa. 



Proposed OpercUions of the Geological Survey. 

1873. 

operttions of 1 — Selp Exploration in the Fertile Belt N.W. Territory • 

th^surrey for 2— Mr. Richardson . . Coal Fields of British Columbia. 

3 — Mr. R. Bell Exploration and Surveys in the Fertile Belt 

N.W. Territory. 
4 — Mr.H. G.VENNOR..Surveys in Ontario: Iron, Gold and Phosphate 

deposits, tracing and mapping their distribu* 
tion. 
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6 — Mr. McOuAT. . ..Continuation of Survey of the Nova Scotia, 

Cumberland Co., Coal Fields. 
6 — Mr. Charles RoBB.. Surveys and Exploration Cape Breton Coal 

Field. 
7 — Professor Bailey. .Will continue the Exploration of the Coal 

formation of Central New Brunswick. 

There are so many other localities within the Dominion where surveys Locaiiua where 

•' •' Burveyg are re- 

would be desirable, and where important discoveries might result from quired. 
them, that it becomes difficult to select any one or two as more especially 
claiming immediate attention on public grounds. At present, however, tho 
survey fund does not admit of the further extension of operations ; and, 
even if an additional amount were provided, the services of competent men 
could not be secured in time for the work of the approaching season. 

In connection with the proposed examination of the Fertile Belt, and in §^**^"e^iJ* 
view of making tho examination in question as complete and effective as 
possible, I would suggest, for the consideration of the Minister, the neces- 
sity of the survey being provided with a diamond-pointed rock-boring 
apparatus. 

Where superficial deposits are so thick and wide-spread as they are in 
tho region referred to, the knowledge which can be gained from surface 
examination alone of the nature and character of the deeper-seated 
strata is, at the best, limited, and, to a great extent conjectural, and 
unsatisfactory, whereas by the judicious employment of the diamond drill 
a number of highly important questions would be speedily and definitely 
determined. Amongst these may be mentioned the formation of artesian 
w ells, the existence of springs of petroleum and of brine and also of deposits 
of rock salt and other valuable minerals, as well as the thickness and 
character of the coal seams. 

I am at the present moment unable to give an estimate in detail of the C(MtofcUtmon(£ 
amount which would be required for the purchase and working of the 
diamond rock-drill. The largest size drill, including the steam engine for 
working it, is adapted to bore to the depth of 1000 feet and costs $6000 , 

American currency. For our purpose one of the smaller size would suf- 
fice, costmg probably from three to four thousand dollars ($3000 to $4000.) 

In the event of the proposal to purchase one of these drills being 
approved, and it being thought desirable to extend and hasten the explora- 
tion and survey in the North West Territory, a supplementary vote of I 
$15,000 would, I think, be required, and would be expended in the pur- I 
chase and working of the drill, and in payment of the services of two or Employment of 

, , , topogmpherB.. 

three skilled topographical surveyors, who would relieve the geologists of 
all topographical work, and thus enable them to devote their whole time 
and attention to purely geological and scientific observations. 
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I may here state that Mr. Sandford Fleming, C.E., has informed me- 
that the Pacific Railroad Company would probably undertake to pay one- 
half of any appropriation which may be made for the object of this examin- 
ation. 

If the work is to be commenced this season, immediate action in the 

matter would be requisite, and I should be glad to be advised as early as 

possible respecting it. 

Petitions for Petitions have been made for surveys in Pictou county, Nova Scotia, 

NojftScotift and in Victoria County, Cape Breton; besides these localities, 1 miG^ht 

•adCape Breton . . <■ i. -, » o 

mention, as requiring to be further explored and surveyed : the coal fields 
and the silver-bearing rocks of the Mainland of British Columbia ; 
and the coal fielda of Queen Charlotte Islands; the Otter Head Region, 
on the north shore of Lake Superior, where rich deposits of tin ore are 
said to have been recently discovered ; the limestones of the Laurentian 
rocks in the region north of the Ottawa, and in other parts of the Pro- 
vince of Qaebec ; the great bands of mineral-bearing Huronian rocks 
which have been discovered between Lake Superior and Lake Winnipeg. 
And more immediately connected with researches, in structural, palaeonto- 
logical and theoretical geology, there are a number of districts which 
require minute and careful examination. 
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REPORT 

BY 

Mr. W. B. Waud, M.E„ 

OF OPERATIONS IN MANITOBA WITH THE DIAMOND-POINTED STEAM DRILL 

1873. 

Montbeal, 81st December, 1873. 
Sir, 

On the 5th August, Alexander McDonald, the engineer in charge 
^ijjj^ •* ^*'*" arrived at Winnipeg by Red River steamboat with the Diamond Drill, 
a boiler with force pump and fittings, gearing for working the drill by 
horse-power, 400 feet of 2Jin diar., tubular drill rods, 150 feet of 3" tub 
ing (wrought iron^) annular and hollow boring heads with diamonds, and 
an independent steam pump with hose and other fittings. 

On arrival the above were conveyed to a spot selected for a boring on 

hote. ^^ ^^'^ *^® ^^^^ ^f ^® "^®^ Assinnebome. The site chosen was a ledge of 

the north bank of the river 13 feet below the level of the adjoining prairie, 

and 12 feet above the level of the water in the river, on land the property 

of the Crown. On part of this property barracks for the accommodation 
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of the ^litia have since been erected. The main object in boring here 
was to ascertain at what depth good water (a great desideratum in the 
town of Winnipeg and neighbourhood) could be procured, while a second- . 
ary object was to test the machinery before taking it into the country. 

The interval between the 5th and the 14th of August with some inter- 
ruptions from rain was spent in removing and fixing the machinery and 
making the sheers for raising and lowering the rods. On trying the ^^^^Jg^;^^*^^"- 
engines we found that there was a considerable escape of steam between the 
face of one of the trunnions and that of the corresponding cylinder, the 
result of bad fitting on the part of the makers. 

On the 14th Aug. we commenced boring with a screw augur 3" dia'r., 
and V2" in length, and worked with this tool a depth during the day of 25". 
feet. At this juncture tho hole began to cave in, and after making and 
fitting up a ram we drove down a length, 18 feet of 3" wrought iron tubing 
This tubing being driven, we bored with a screw augur 2i' diar., and 
1*2" in length and on reaching a depth off 81 feet from the surface came 
upon a bed of gravel. 

The strata passed through hitherto had been mud, silt and stiff blue g^** p«Mtr«- 
clays, and the process of boring with the above augurs was necessarily 
slow, they having to be drawn and cleaned for every 14 inches gained in ' 
depth. 

We here screwed on another length 18 feet of 3" tubing and drove the 
whole down and thus secured the sides for a depth of 81 feet i.e. to the 
gravel. 

The want of a valve augur here puzzled us, but we took one of the 
tubular drill rods, cut it, and got a chisel of steel welded on to it, and 
after chopping the gravel with it, got out the fragments by lowering the 
screw augur with mud on it to which the fragments stuck. We soon 
struck upon a hard stone, and the drill was set to work with an annular 
boring-head at the end of the rods. It, however, had not been long at Diamond lort 
work before a diamond was lost out of the boring-head. A fresh boring- 
head was put on, but no sooner had this been done than one of the iron 
rings or clamps round the end of the rubber steam-pipe broke off. From 
the time that the diamond drill was set to work, i.e. at the depth of 81 feet 
to the time that the hole was abandoned, t. e. at the depth of 87feet 9 inches, 
the drill never worked smoothly or satisfactorily. It jumped, and it was 
frequently brought to a standstill by obstructions in the hole, and it was 
evident that pieces were falling off the sides of the hole and getting under 
the boring-head, and the diamonds wore very badly. 

During six working days, i.e. between August 16th and 25th, the drill 
had bored only 6 feet 9 inches, and this at a loss of one diamond and 
the wearing out of several others. 

It appeared that we had struck upon a layer of boulders and gravel which 
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made it impossible to drive the 3" tubing any lower so as to protect the 
Sore-hole aban- boring head, and the hole was therefore abandoned. 

I left the tubing, i.e., 31 feet 1 inch of 3 ' wrought iron pipe in the hole, so 
that, if thought advisable, the boring may be continued at a future date, 
though I think that, if operations are recommenced on this site, it will be 
necessary to start with a hole of larger diameter and to be provided with 
more than one size of tubing, so that after the largest size of tubing is driven 
down as far as possible, a smaller size may be put down within it, telescope 
fashion. 

On abandomng this hole it devolved on me to decide as to whether 
another boring should be made in the vicinity It appeared to me that our 
outfit was anything but complete for going through the thick drift, which 
it is evident underlies the soil of the country round Winnipeg, and that 
to attempt another boring in that neighbourhood was only to court fulure. 
I therefore determined on removal to " The Big Ridge," ihe second 
locality named in my instruction^ hoping to find a different formation, and 
one more favorable for operating the drill. 

On the 28th August we started for the above-named neighborhood and 
.start for the reached " The Big Ridge" on the evening of the 30th. Here we camped 
^^ * ^^' and spent the two following days in reconnoitering the ridge in search of a 
site suitable for a boring. 

This ridge is merely a rise in the ground, striking from north west to 
south-east, and forming a steppe, having an elevation of about 20 feet 
above the level of the prairie to the south of it. The absence of wood 
and water in sufficient quantities for^ our operations compelled us to go 
beyond this a considerable distance, and I eventually selected a site near 
a lake, covering an area of about 80 acres, and locally known as Lac de 
Laronde, in the S. E. quarter of section 31, range 2 W., Township 15. 
(See " Map of the Province of Manitoba.") We arrived at this place on 
the evening of the 2nd September. 

Our rate of travelling, our weights being heavy and being principally 
Rate of traveii- ^^awn by oxcn, was necessarily very slow, our average speed on fair road 
^°«- being little more than li miles per hour. 

A day and a half were spent in fixing the machinery and in digging a 
trench from the lake for our water supply. The soil here is only 6 inches 
in tliickness and the subsoil is an indurated clay and marl. 

Our first step was to sink a hole with pick and shovel about 4 feet 

square. This hole we sank in two days to a depth of 12 feet and on 

the 8th of September, we commenced at the bottom of the hole to cut with 
a chisel percussively, raising and letting it fall by hand and getting the 

debris out with a valve auger. On the 9th of September, at a depth from 

the surface of 22 feet 6 inches we met with boulders embedded in the clay 
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and marl. Ihe diamond drill was now set to work but had not been in 
operation long, before the walls of the hole began to give way. 

We now put down two lengths, 25 feet of 8 wrought iron tubing. 

In the interval between the 9th and the 15th of September, the drill 1 

was kept at work, occasionally interrupted by the sides of the hole below 

the tubing caving in,and during this time penetrated a distance of 81 f®^^ J^^^^J^^Jil* :; 

6 inches making the depth of the hole from the surface 45 feet. At this c»vi>»« »»• 3 

stage the caving in increased, and we came to the conclusion that we 
must have the hole tubed lower down, but the bottom of the tubing already 
in, rested on too hard ground to allow us to drive it any lower, and the hole 
below was caving in as fast as it was cleaned out. We therefore deter- 
mined to sink the hole with pick and shovel till we reached the bottom of 
the tubing and put in Si tubing, drive it down as far as we could, and 
then, should the caving in continue, put down the smaller tubing within 
it. This second sinking was commenced on the 17th of September, and 
continued, with interruptions from rain, till tho 25th, when a depth of 25^^!^^^^ 
feet from the surface was reached, and several boulders through which 
the drill had penetrated were brought to light. . 

On the 27th September, at the bottom of this sinking we commenced f 

cleaning out and enlarging the hole so as to admit of 8^" tubing. 

The interval between the 27th September and theGth October, was 
spent in enlarging the hole with the diamond rimer, but during this time a 
chapter of accidents occurred. 

On the morning of the 29th September, a crack was discovered in the 
metal of the pump used for forcing water into the boiler, but was repaired 
by putting an iron clamp on and tightening it up with nuts. 

This pump and the one mentioned below ought to have been provided 
with cocks to let out the water and thus prevent the formation of ice. 

On the 80th September, a great part of the day was spent in putting 
two fresh diamonds into the rimer to replace those that were worn out. i 

On the 8rd of October the steam pump used fcr forcing water down I 

inside the drill rods was found with a crack in it, and that and the next 
day were spent in repairing it. At this stage Mr. McDonald insisted on 

the impossibility of continuing the hole. I agreed with him as to the im- I 

probability of being able to do so with the tools at our command, and wo ' 

therefore abandoned it. i 

I determiqed to go from here to Rat Creek with a view of boring there 5jf c^J^**^' 
through the drift by hand, merely using the engine to assist in drawing 
and lowering the rods. 

Having spent two days in packing and loading, we started on the 
morning of October 8th, and after a delay at the St. Laurent Settlement, 
arising from a temporary loss of our oxen, we arrived at Mr. Kenneth 
McKenzie's farm on the 14th. 
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On the 16di October we commenced boring with a 3} - half-circle earth 
aoger, aboat 6 feet in length. This we worked by hand, and dniing the 
day got down 25 feet and pnt in a length, 20 feet, of Si' wrought iroD 
tnbing. 

On the 17th and 18th we bored respectively 25 feet and 20 feet, making 
a total distance from the surface of 70 feet. 

On resaming work on the 20th. it was found that the hole had caved in 
considerably. This and the following day were spent in cleaning out the 
hole, but as the caving in continned we prepared to pat in additional tub- 
ing. Three days were spent in making and fixing an apparatus for driving 
the tubing, and on the 27th October a length, 10 feet, was screwed on to 
that already in the hole, and the whole driven. 

The strata passed through in this boring so far are soil, silt, and stiff 
blue clay, the latter offering considerable resistance to the driving of liie 
tubing. The top of the tubing, while being driven, had to be protected with 
babbit metal, and with this cap stood pretty well the blows of a heavy ram 
dropped from a considerable height. At this stage the severity of the 
weather put a stop to our operations, and having provided for the care, 
during the winter, of the various items entrusted to my charge, (full par- 
ticulars as to the disposal of which will be found in my diary,) I brought 
our party down to Winnipeg. 

I cannot but express my regret that the results which have attended 
our operations during our short campaign are so insignificant. The outfit 
necessary to transport machinery amounting to an aggregate weight of over 
six tons, has necessarily been somewhat costly. The machinery was not 
at my disposal till a late stage of the summer, i. 6., 5th of August. The 
deficiencies in equipment I supplied with such make-shifts as I could get 
made in the country. 

I have the honor to be 



Sir, 



Your obedient Servant 
W. B. WAUD. 



A, R. C. Selwyn, Esq., F,R.S. 

Director of the Geological Survey, 

Montreal. 

NoiE.— On ezamining the diamonds (black-carbons) which had worn out I found that 
these all shewed a finely cellular, or scoriaceous looking, structure and were apparently 
composed of minute grains, or diamond sand, imperfectly consolidated, while other stones 
which wore well were quite homogeneous and compact. It is evident that these cellular 
stones are easily disintegrated and broken by the rapid motion and percussion of the drill ia 
contact with hard pebbles and boulders. A.R.C.S. 
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NORTH WEST TERRITORY 

ON A JOURNEY ACROSS THE PLAINS 

FBOM 

FORT GARRY TO ROCKY MOUNTAIN HOUSE 

RBTURNINO BT THB 

SASKATCHEWAN RIVER & LAKE WINNIPEG, 

BY 

ALFRED R. C. SELWYN, F.R.S., F.G.S. 

1873. 



In view of prosecuting the geological exploration of the vast region lying 
between the Red Kver and the Rocky Mountains, to the accurate know- 
ledge of which more than ordinary interest attaches at tlie present time in objectA oi the 
connection with the buUding of the Canada Pacific Railway, it was thought ^^^p®*^**^*^"- 
desirable to acquire from personal observation such information and general 
acquaintance with the coal deposits and other mineral and physical features of 
the region as would facilitate the future direction and superintendence of the 
work ; and the journey to which the present report relates was undertaken last 
summer chiefly with this object in view, and also to ascertain at what points 
and in what manner the contemplated boring operations referred to, page 
3, could be best carried out in reference to the determination of facts 
relating to the distribution of workable beds of coal and other useful minerals 
and to the procuring of fresh water over those portions of the country where 
the surface waters are for the most part of a saline character . 

Before proceeding with the account of .our expedition I would wish to Acknowiede- 
record my appreciation of the valuable aid, and my sincere thanks for the tance. 
kind hospitality afforded us by the gentlemen in charge of the several posts 
of the Hudson's Bay Company from Fort Garry to Rocky Mountain House 
and to which indeed are almost entirely due the comparative comfort and 
ease with which the journey was accomplished. 

Leaving Montreal on the 7th July, I was joined at Toronto by Colonel Memben of the 

Vf. D. Jarvis, Mr. Lewis Ord and Mr. Waud,and reached Fort Garry viaJJSto.^"'^*^ 

Saint Paul, Ma., and Moorhead, on the 14th. Eleven days were occupied 

at Fort Garry, in making the necessary arrangements for the journey : 

purchasing horses, carts, equipments and supplies, and hiring men. 

c 
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These preliminaries having been satisfactorilj completed we left Fort 
Leare Fort GaTTj, Or Winnipeg, the capital of the province of Manitoba, situated at 
(jftrry. ^^ confluence of the Assineboine and Red Rivers, latitude 49^^ 52 north and 

longitude 96^ 50' west, on the afternoon of the 25th of July, and in fifty 
days, or on the 12ih of September, I reached Rocky Mountain House, sit- 
uated on the upper North Saskatchewan, latitude 54^ 20' north, and longi- 
pirtance travel- tude 115^ 10' wcst. The total distance travelled, according to measure- 
ments which were made of the route by means of an odometer attached 
to the cart wheel, being 1056 miles. 

The return journey, occupying 44 days, was commenced on the 13th of 
September, and was performed entirely by water, via the North and Main 
Saskatchewan River and Lake Winnipeg, and thence by Red River to Fort 
Distance trarei- Garry, which was reached on the 26th of October, the total distance being bv 
river 995 miles and by lake 800 miles, extending through eighteen and a half 
degrees of longitude and four degrees of latitude. Stoppages and detentions 
from various causes amounted to eighteen days, we were therefore actually 
travelling for seventy-six days, and thus averaged for the whole journey 
nearly thirty-one miles per day, or on the land journey 26.4 miles per day and 
on the water journey 37 miles per day. 

Although the speed with which the whole journey was performed did 
not afford time for accurate surveys or detailed examinations to be made, 
yet a number of facts were ascertained relating to the geographical and 
geological features of the region which will prove of great value in the pro- 
> 'aofograi h?. sccutiou of futuro exploratious. A few photographic views were secured, 
but the majority of the plates which were exposed, from some unexplained 
cause — probably insuflScient exposure — unfortunatelyshowed no image when 
subsequently submitted to the developing process. A few interesting speci- 
„ , mens were collected, but the most important fact ascertained was the occur 

Specimens. t n j t» i 

rence on the North Saskatchewan River, between Edmonton and Rocky 
Mountain House, of a number of flat-lying workable seams of good coal ; 

Thick coal seams one of them measuring, in two exposures upwards of four miles apart, 
from eighteen to twenty feet in thickness, and very favourably sitaatcd 
for working. 

On the westward journey by land no attempt was made to lay down the 
bearings and windings of the route ; but on the river a continuous sketch 

Surrey of the survcy was made from Rocky Mountain House to Cumberland and plotted 
on a scale of four miles to one inch. A reduction of this plan has been 
made to accompany the present report. It must be mentioned, however, 
that no measurements were made, and the distances given are entirely from 
careful estimation, based on the speed of our boat, the swiftness of the cur- 
rent, and the apparent length of each reach and bend. 

From Fort Garry to Edmonton my party consisted of six persons 
besides myself : 
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Colonel D. A. Jams. party fh>m 

Edward Borron. ward. ^*^^ 

Lewis Ord. 

John Lauder. 

Joseph McDonald. ) ., , , ,«, 

Alexander Fisher. 1 ^''''^^ half-breeds. 

The two last namod were selected as being thoroughly experienced 
voyageurs who were acquainted with the route and spoke English and 
J'rench as well as the (jhippeway and Cree Indian languages, and I may 
say that they proved to be not only experienced in all the arts of voyag- 
ing, but also active, intelligent, obliging and thoroughly reliable men. To 
'the other members of the party my thanks are due for the hearty co-opera- 
iion and emulation which they one and all evinced at all times in promo- 
ting the objects of the expedition, and by which they succeeded, often under 
adverse and trying circumstances, in making it both successful and agree- 
able. 

For the transport of the party together with their equipment and sup Means of trans- 
plies, four Red River carts, one buck-board waggon and eleven horses, or ^' ' 
Red River ponies were provided. Travelling with us from Fort Garry to 
Edmonton were two English gentlemen, Mr. Beresford Hope and Mr. 
Roberts, who intended crossing to the Pacific, and their two servants, so 
that our party consisted of eleven persons with a train of seven Red River 
carts, one buck-board waggon and sixteen horses. The horses were used as 
required, either for saddle or harness, while five or six of them were left to 
run loose, and as a rule each horse was not worked for more than half 
the day's journey, by which means, although we travelled almost every day 
for eight, nine or ten hours, all the horses had time enough to feed and 
rest, and sore backs, sore shoulders and knocked up horses, together with 
the delays and troubles so commonly resulting from these causes on a long 
journey, were entirely avoided, and after having travelled, in round num- 
bers, 900 miles, and some of them more than 1,000 miles, in fifty days, the 
horses, carts and harness were sold at Edmonton for only $28.48 less 
than they cost at Fort Oarry. On the sale of the carts and harness there 
lyas a gain of $6.72 and on that of the horses a loss of $35.20. From 
this it will be seen that carts, horses, etc., are as a rule more valuable on the 
Upper Saskatchewan than they are at Winnipeg. 
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GEOLOGICAL FEATURES. 

As alreadj mentioned ^ the rapidity with which we travelled left but 
little time for making surveys and minute investigations or for the coUec - 
tion of specimens ; and 43uch notes as I was able to make upon the 
geology of the country are the result of observations of the most hurried 
description, and cannot be expected to add materially to the information 
respecting it which has already been supplied, first by the labours of Dr. 
Hector in his admirable sketch of the geological structure of this region , 

Dr. Hector's ob- published in the Journal of the Geological Society, (vol. XVII, 186 1 ,) and 

BeryatioBB. ^iji^ij embraces the results of observations extending over a period of near- 
ly four years, from 1857 to 1860; and secondly by those of Professor 
Hind, who also explored a large part of the eastern half of the area^ or 

ProfessorHind's that which cxtcuds wcstward from Lakes Winnipeg and Manitoba to the 
107th meridian, and whose observations were published in 1859 in an 
excellent and voluminous report with maps, sections and plates. 

From Fort Garry westward, on the route which we followed, no 
exposures of solid unmoved rocks were seen till within a few miles of 

Frevaieneeof Edmonton. For the whole of this distance — 885.52 miles as measured by 

drift 

odometer— an universal mantle of drift and superficial deposits, sand, 
clay and gravel is spread over the face of the country, but gradually 
diminishes in thickness towards the higher levels or to the third prairie 
steppe, though even here, where the drift is often absent, the soft and 
friable nature of the subjacent Cretaceous formation gives rise to a deep 
rich soil, by which the bed rock is everywhere covered and concealed 
from view. 
The entire regicn westward from Lake Winnipeg to the base of the 

SereS^n°by^ Rocky Mouutains has been described by Captain Palliser as " a plain 

Captain Faiiiscrg^^^^^^y rising Until it gaius an altitude of 8,000 feet at the base of the 
mountain chain. The surface of the slope is marked by steppes by which 
successive and decided increases of elevation are effected, accompanied 
by important changes in the composition of the soil, and consequently in 
the character of the vegetation." The first prairie steppe, having an aver- 
age breadth of 120 miles with a general altitude of not more than 700 or 
800 feet above the sea, is apparently everywhere underlaid at no great 
depth by nearly horizontal strata of limestone and sandstone of Silurian and 

First prflirie Devouian age ; and the western limit of 4;his steppe in British territory is 
^^ marked by the long range of low hills extending from the Pembina Moun- 

tain northward to the Basquia Hills, and including the Riding, Duck and 
Porcupine Mountains. 

0r. Heetor'B Dr. Hector, in describing this first prairie steppe, says, ^^ To the most 
' °°' recent of these" — referring to the superficial deposits — " belong the 



OBSERVATIONS BY ALFRED R. C. SBLW7N. 2L 

low prsuries which surround Lake Winnipeg and the lakes of that group, 
including the marshy country to the west of Manitoba Lake. In the 
vicinity of Red Biver Settlement its composition is of argillaceous marl 
with a deficiency of sandy matter, and it is invariably stratified in thin 
layers. Underlying this at various depths from the surface is a bed of 
stiff clay which forma the immediate margin of the river at many places. 
The upper layer of the deposit contains leaves and fragments of wood and Fossils punta. 
reeds, and the whole is undoubtedly a fresh water deposit indicating a 
time when the Winnipeg group of lakes covered a much more ex- 
tended area than at present. The surface of this deposit is about 75 to 
100 feet above Lake Winnipeg, but it slopes gradually from the west, and 
at Pembina Mount, near St. Joseph, is at least 100 feet high. This 
ancient lake bottom extends south of the 49th parallel into the American 
state of Minnesota, and everywhere presents a rich level prairie, only 
broken by slight gravel ridges which have formed shdals in the ancient 
lake." 

Extensive exposures of the palaeozoic rocks, which as already stated are Paiieoxoto 
supposed to underlie the superficial deposits of the first prairie steppe, occur first prairie 
on many of the islands and along the whole of the western shores of Lake 
Winnipeg. They form the Grand Rapid of the Saskatchewan, and crop 
out at intervals along the river as far up as Cumberland or Pine Island 
Lake. Thence to a considerable distance above Carlton, the valley of 
the Saskatchewan is occupied by drift and superficial deposits completely 
covering up and concealing the older formations. This great belt of 
palaeozoic rocks is supposed to have an average width of from sixty to seventy 
miles, and apparently extends in British territory from the 49th parallel to 
the mouth of the Mackenzie River in the Arctic Ocean. 

Li the comparatively few localities where the rocks composing it have 
been examined they appear to be characterized, like the formations of the 
same age in Western Canada, by deposits of salt and petroleum giving rise sait and petro- 
to copious springs of these valuable materials. And there seems but little 
doubt that Canada has her a salt and oil bearing region surpassing in 
extent and productive capacity any hitherto developed on the American 
continent. Almost the only reliable information relating to the geological 
structure and physical character of this interesting and important region 
north of the Saskatchewan Valley is to be found in the narratives of Sir 
Alexander Mackenzie* and of Sir John Richardson,tpublished respectively 
in 1801 and in 1851. 



* Voyages through the Continent of North America to the Frozen and Pacific Oceans in 
Ihe jears 1789 and 1793. 

t Journal of a Boat-voyage through Rupert's Land, 1851. 
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The first named author states, page 87 of his narrative, alluding to the- 
Forks of the Athabasca or Elk River below Methy Portage : " At about 
BitmaiDOQs tweutj-four milos from the Forks are some bituminous fountains into which 
a pole of twenty feet long can be inserted without the least^resistance. 
The bitumen is in a fluid state. Heated it emits a smell like that of 
sea coal." 

Between Methj Portage and Slave Lake indications of salt and bitumen 
were frequently noted by Sir John Richardson, and on Salt River, an 
afliuent of Slave River from the west and about mid-way between Atha- 
basca and Slave Lakes, which he ascended in 1820 for twenty miles, he 
Deaeription by statcs that, '^ sovcu or eight copious springs issue from the base of a long 
Richardson, ridge some hundreds of feet high, and spreading their water over a clayey 
plain, deposit much pure common salt." And again, vol. II, page 198, he 
says : '^ The Saskatchewan, which is to be considered as the main feeder 
of the Winnipeg basin, flows from a considerable distance above Pine 
Island Lake down to Lake Winnipeg over horizontal beds of limestone 
through so flat a country that the river forks as it would in an alluvial 
delta. A rich mud is deposited in parts, particularly between Pine Island 
Lake, and the main stream and round Moose and Muddy Lakes. \n 
Beaver Lake, immediately to the north of Pine Island Lake, the Silurian 
strata are again seen covering the flanks of the primitive rocks; while 
to the southward an eminence named Basquiau, lying at the distance of near- 
ly a degree, separates the river valley from the Red Deer Lake and Swan 
River. As powerful salt springs exist on this eminence we may conjecture 
that it belongs to the Onondaga salt group." 

Numerous salt-bearing springs, from some of which large quantities of 

salt have already been produced, have long been known to exist along the^ 

saitsprinnof bordcrs of Lakes Manitoba and Winnipegosis, as well as at various points 

and winnipe- southward to the 49th parallel, and have been described by Professor 

H. Y. Hind, pages 174 and 175 of the Report on the Assineboine and 

Saskatchewan exploring expedition. 

Westward from the summit of the ascent to the second prairie steppe, 
which is marked by the long range of low hills already mentioned extend- 
ing north-westerly from Pembina Mountain to Basquia Hills, and which at- 
tains an average elevation of 1,600 feet, the country on the route which we 
travelled, especially after crossing the Assineboine River at Fort EUice, is 
cbaraeter of generally undulating or rolling and often hilly. Some of the hiUs rise to 
prairie tteppe. from 200 to 300 feet, and occasionally to as much as 400 feet above the 
general level of the prairie, and aiford from their summits extensive views 
of the surrounding country, which every where presents a park-like aspect ; 
belts, patches and clumps of woodland with intervening richly grassed 
meadows or wide stretches of open undulating prairie interspersed with 
countless lakes and pools are seen on all sides, while the wonderful variety 
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and beauty of the flowering plants, roses, lillies, gentians, sunflowers, lark- 
spur, a beautiful purple aromatic mint-like plant and a host of others lend 
an additional charm to the beauties of this picturesquely lovely landscape. 

Describing this second prairie level Dr. Hector says : " The composition ^^-^^^fX^f" 
of this second great steppe is very different from that of the first. Sand j©«>ndpr»wo 
is the predominating ingredient. Thus at St. Joseph, where the banks of 
the Pembina River present a fine section of it to its base, the material is a 
coarse red sand with gravel and boulders. There are no signs of stratifica- 
tion in any part of this deposit as seen at Pembina Mount, but further 
west, where it assumes a light grey colour and contains a considerable 
quantity of lime, it is imperfectly bedded. Near Fort Ellice, and at many 
other parts of the district to the south and west of that place, this deposit Fort Euioe. 
is formed wholly of fragments of the underlying Cretaceous shales. 
At Long River, Forked Creek and many other places it was observed to 
form only a very thin coating to the Cretaceous rocks. At Fort Ellice the 
valley of the Assineboine is 240 feet deep, and about 100 feet of that is 
composed of this drift deposit resting on the Cretaceous beds. On the 
whole the character of this level as regards its mineral composition is 
variable and local. Boulders are tolerably plentiful all over its surface, 
but occur in greatest quantity on the sides and summits of ridges and 
mounds which rise in groups to the height of from fifty to eighty feet." 

Professor Hind states the valley at Fort Ellice to be 240 feet below 
the plain,and one mile and thirty chains wide, and the river to be 135 feet AKineboiie 
broad with a mean depth of eight feet. EHioe. 

Recent measurements by the Dominion Lands Department shew Fort 
Ellice to be 190 miles distant on an air line from Fort Garry. Our 
odometer measurements made the distance by the trail 217 miles, and we 
arrived thereon the 5th of July or in eleven days from Fort Garry. 

On the 29th of July we crossed the Quarantine, or Three Creeks, and 
camped on the flank of the rise to the second prairie steppe, about midway 
between the Pembina and Riding Mountains, and about eighty-nine miles 
west of Fort Garry, the barometer indicating an elevation of 911 feet. 

From our camp of the 29th July we traversed the second prairie level 
for a distance of 400 miles, in a north-westerly direction to the foot of the 
Thickwood Hills, which we reached at a point about fourteen miles west 
of Carlton, and the following extracts from my note-book will perhaps 
best serve to shew the general character of the country as observed from 
day to day. 

Journal op Expedition. 
Rat Creek to Rochj Mountain House. 

29th July, Camp V., 28.31 miles west of Rat Creek For the last five 
or six miles the soil is a black sandy loam or sand. Country generally 



24 GEOLOGICAL SUBV£Y OF CANADA. 

level and thickly covered with clamps and patches of small poplar and aspen 
trees with alder and willow brush. 

July SO. Camp YI., Pine Creek. We have only made sixteen miles 
to-day. The country east of Pine Creek passed over to-day is all covered 

SanctT oountry. with a light saady soilf and at this camp the country is very broken : knolls, 
ridges and hollows entirely composed of blown sand. The grass generally 
poor and mach of the surface occupied by a species of trailing jumper 
covered with white and greenish-white berries and intermixed with bear- 
berry (Arctostaphylos uva-ursi). Willow, hazel and cherry are the principal 
brushwood. Aspen, oak and a few scattered spruce trees constitute the 
timber, all of small size. Mosquitoes very troublesome. 

July 31. Baining all night ; start at 8.50 a.m. At 9.35, in about 2 miles on 
to open prairie, coarse West 25^North from edge of rise from Pine Creek : 
no sand hills but soil still light and sandy ; a good deal of small oak timber 
on the western slope of the Pine Creek valley. Travelled twenty-six miles 
to-day, the soil gradually improving, over nearly level and mostly open 
prairie from which the water drains north into the White Mud River, south 
to the Assineboine and west to the Little Saskatchewan. A few small fresh, 
water lakes were passed. 7.30 p.m., camped on the prairie. 

August 1st. Boggy Creek Plam camp. Started at 7.30 a.m. After 
crossing open prairie for some distance we passed into a country mostly 
covered with brushwood and coarse grass. It consists of a series of rises 
and depressions, the former in ridges and the latter in more or less circular 
holes which retain the water in the spring from the melting snow, but 
are now nearly all dry and covered with long coarse grass. On the ridges 
gravel often shews on the surface, and there are many large scattered blocks 
of gneiss, and others of white or buff-coloured limestone. Some of the gneiss 

Large boulders, blocks measure from 8 to 9 feet on the exposed surfaces. The surface soil 
is a fine rich black loam, rather thm on the crests of the ridges. Beneath the 
black soil is a brown clay-earth mixed with small limestone pebbles. A hol^ 
dug two feet deep on the ridge we camped upon at noon shewed ten to twelve 
inches of black soil underlaid by a brown clayey silt. At 5.30 p,m. we 
crossed the little Saskatchewan or Rapid Biver and camped on a terrace 
about half way up the right bank, having travelled a little more than twenty 

Little sukat. miles. The valley of the Little Saskatchewan has been fully described by 

c ewan ver. -p^^fygQ^^ "Hmi in his Report already cited. 

August 2nd. Started at6.4 a.m.,andatll.45reached where the road from 
Prairie Portage via the White Mud River comes in, 17.42 miles from the 
Little Saskatchewan. Here a small water-hole on the open plam affords 
the only fresh water for a stretch of nearly thirty miles. Several shallow 
saline lakes were passed to-day. In some the water was quite evaporated, 
an 1 in all the flat borders were fringed with samphire, Salieornia^ the 
red tint of which serves even at a distance to distinguish these saline lakes 
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from those holding fresh water. Blocks and boulders of gneiss and limestone, 
especially the former, are very abundant on the surface of the plain. The 
soil lighter but still black and apparently well suited for cultivation. Tra- Good sou. 
relied twenty-two miles. 

August 4th. Camp IX., five miles east of Shoal Lake. Elevation, 1520 
feet. Start at 6.15 a.m., reach Shoal Lake 7.45. This lake is a fine shoai Lake, 
sheet of fresh water several miles in length and about half a mile wide, 
surrounded by gravelly banks and discharging by a clear shallow stream — 
Oak River — into a lower lake having a direction nearly east and west or at 
right angles to that of the upper lakes, and occupying a broad swampy flat 
nearly a mile in length. The cart trail passes along the northern side of 
the lower lake and crosses the stream at the outlet of the upper lake. 
Around the lake the soil is light, sandy and gravelly, but improves again 
at a short distance. There is no change in the general character of the 
country or of the vegetation ; scattered blocks and boulders of gneiss and 
white magnesian limestone are very general. On the whole, the country 
traversed to-day — 27.24 miles — does not present generally a very inviting 
or fertile appearance. The soil is certainly poor, the grass coarse and wiry 
looking, and especially on the ridges where beneath a rather thin black 
mould is a poor white gravelly substratum, it presents a brown and withered 
aspect. At 6.15 p.m. camped on the right bank of Bird Tail Creek Birdtau creek, 
at about 80 feet below the level of the plain. 

August 5th. Start at 7.30 a.m. Leaving Bird Tail Creek the trail again 
ascends to the level of the plain, and in about six miles strikes the head 
of a narrow dry valley. Following this down for about a mile it turns to the 
right up another somewhat wider valley in which is a small unnamed creek 
and crossing this again reaches the plain by an abrupt ascent. Thence to 
the edge of the descent to the A^sineboine River, opposite Fort Ellice, is a 
further distance of about five miles over a rather stony plain with a light 
sandy loam soil, underlaid by gravel. The descent from the plain towards 
the river is by two distinct steps and broad terrace-like plateaux,the second 
step being that, the edge of which immediately overlooks the Assineboine 
Valley, and is as already stated about 210 feet above the river at its base. 
At about 100 feet below the level of the plain there are numerous springs springs. 
of good water, which probably mark the junction of the drifts with the 
tinlerlying Cretaceous shales, though the latter were nowhere exposed to 
view. From immediately in front of the fort, which is situated at about 
two miles below the confluence of the Qu'Appelle River, the west side 
of the valley slopes steeply down to the Assineboine. Inside the fort, 
at 830 yards from the edge of the escarpment, a well has been sunk in weii at Fort 
the drift, and at thirteen feet an abundant supply of excellent water was 
obtained which rises to within nine feet from the surface, giving a per* 
xnanent depth of about four feet of water in the well. 



26 



GEOLOGICAL SURVEY OP CANADA. 



Yallejofth^ 
Qu'Appelle 



iver. 



Drift hfi:s. 



BigCnt-Arm 
Creek 



Pheasant HiU 
Creek. 



August 6th. — Left Fort EUice at 2.80, p.m., and after passing over about 
two miles of rather rough country— poplar groves interspersed with swampy^ 
flats and stony rises — reached the descent, a thickly wooded slope, to the 
valley of the Qu' Appelle River, which we crossed at about two miles above* 
its junction with the Assineboine. The Qu' Appelle River is only about fifteen 
yards wide and two-and-a-half feet deep, with a hard gravelly bed. On th)&- 
north side of it sand is the prevailing feature, both along the valley and 
on the hills, and intermixed with it are numerous large blocks and boul* 
ders of gneiss. A similarly sandy and arid looking country appears to extend 
for a long distance in a westerly direction up the Qu'Appelle valley. 

August 7th.-After crossing about fifteen miles of mostly open plain,rather 
thinly grassed, with occasional willow and poplar clumps, the trail crosses 
a large swampy flat covered with long green grass, to the right are several 
rounded hills and ridges of drift consisting of small rounded pebbles mixed 
with sand. From one of these. Spy Hill, though not more than from fifty to 
sixty feet above the level of the plain, an extensive view is afforded of the sur- 
rounding country. Low drift hills and ridges, with intervening swampy flats 
and a few lagoons, lakelets, and scattered clumps of small poplar and brush- 
wood, are seen on all sides as far as the eye can reach. At 7.80 p.m. camped 
on the west side of Big Cut-Arm Creek, having travelled 28.92 miles, the 
whole distance through country similar to that described above. The soil 
generally light, sandy and gravelly. The hills and ridges made of a drift of 
small water-worn pebbles and whitey- brown sand thinly covered by a dark 
vegetable mould. In the flats and low-lying lands, there is always a deeper 
and richer soil clothed with long coarse grass. The valley of Big Cut- 
Ann Creek is about 800 yards wide and from ninety to 100 feet below the 
prairie level ; the stream about twenty-five feet wide and two feet deep with 
a strong current. The western slope, or that facing east, is thickly covered 
with brushwood and small poplar, while the eastern slope is almost bare. 

August 8th. — But little change in the character of the country passed 
over to-day as regards the soil, the first part, to our mid-day camp, is rather 
thickly wooded with the usual stunted poplar in clumps and patches, 
no other trees whatever. The sub-soil, a white gravelly sand ; the grass gen- 
erally poor and brownish except in the depressions and dried up swamps ; the 
latter part an open plain devoid of timber, so that we had to carry wood 
with us for our night's encampment; distance travelled 21.93 miles. 

August 9th. — Started at 5.10 a.m. Open undulating plains on all sides 
as far as the eye can reach, soil somewhat better. At 7.50 we halted to get 
breakfast, a hole dug two feet deep showed one foot of black mould under- 
laid by a fine brown silt with a few pebbles. At 6 p.m. camped on open 
prairie above Pheasant Hill Creek, having travelled nearly thirty miles • 
To the north-east and south an undulating often hilly treeless prairie. The 
hills and ridges all of water-worn gravel, chiefly of gneiss, and encrusted 
with white carbonate of lime. 
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August 11th. — Off at 5.40 a.m. Course west, towards some timber bluffs 
extending from the Pheasant Hills,which lie a few miles to the left and appear 
to be thickly wooded. Halted at noon for three hours, and then travelled 
till 6.30 p.m., having made 28.30 miles. The country presents no marked 
change : lakes and lake basins more abundant, the water in many of them 
slightly brackish. They appear all to be gradually diminishing in size and 
drying up. This, Macdonald tells me, has been going on steadily for several ^^^ dryiDg 
years. He says that what were large lakes are now small pools, and all 
the lesser ones are already quite dry, and their beds overgrown with 
grass and weeds. The soil and sub-soil, which are frequently exposed to 
view by the holes of the badgers and ^^ gophers" consist of a black, light 
vegetable mould resting on a whitish-coloured silt passing down into a well- 
rounded gravel. For the last few miles, the country is so thickly covered 
with clumps or " bluffs" of poplars, with an undergrowth chiefly of 
willows,a8 to give it from a distance the appearance of an uninterrupted 
copse-wood. The surface is very ridgy and undulating, and the general 
luxuriance of the grass indicates a fertile soil. 

August 12ih. — Gamp XYI. File Hills. Rain fell during the night. Start 
at 6.50. a.m. At 6.15. p.m., camped on the border of a small lake, having 
travelled 24.70 miles. The country passed through to-day is in parts Pictnrefque 
very picturesque, undulating and sometimes hilly, and prettily dotted with 
patches of woodland and interspersed with lakes and pools. The trees are 
all poplar with undergrowth of willow ; but the former are larger than we 
have seen since leaving Fort EUice. In some of the lakes the water is 
quite salt ; in others only slightly brackish but quite drinkable. In using 
it for washing it leaves a roughness on the skin and curdles the soap. 
Soon after sunset rain commenced falling accompanied by thunder and 
lightning, and continued till daylight. 

August 13th. — At noon we reached the base of the Touchwood Hills, ThcToachwood 
and after dinner, taking Fisher with me as guide, I left our party to pro- 
ceed on the direct route to the old and now deserted Touchwood Hills 
post while I diverged to the left to visit the Little Touchwood Hills post 
and mission about 15 miles to the south-west. The trail we followed is 
very circuitous and hilly, passing numerous lakes and pools ; the country 
for the most part covered with thick copse -wood and the fort itself sur- 
rounded by extensive woods. We arrived there at 7.45 p.m., and were 
hospitably entertained by the Rev. Mr. Pratt, Church of England mission- 
ary and a full-blooded Indian. Around the fort the best timber has been Large timber 
cut, but Mr. Pratt informed me that at a short distance there were plenty 
of large sized white birch, and abundance of poplars, as much as two feet 
in diameter, suitable for joists, flooring-boards, &;c. Mr. Pratt's house 
stands on an eminence above a small lake with swampy margins and about 
one mile from the Hudson's Bay po3t, near which is another similar lake. 
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The soil is a rich light brown loam, and would doubtless produce excellent . 
crops. The view from the post is limited on all sides by forest, but it must 
be situated on the eastern flank of the Little Touchwood Hills. 

August 14th.— Started at 7.45. a.m. for the old Fort where I expected 
to find our train. Mr. Pratt estimated the distance to be ten miles, but 
mj odometer showed it to be only a little less than 16. We reached it, or 
rather the site where it once stood, as no trace of it now remains, at 10.45 
a.m., and found our party encamped and breakfast just finished, they 
having arrived an hour before. The beauties of the Touchwood Hills have 
been so graphically described by Professor Hind, that I cannot do 
better than reproduce what he says of this really lovely tract of country. 
Professor Hind approached them from the west, and from this direction 
they present a rather bold outline, marked, however, by only one or two 
prominent points of which the Heart Hill is the most conspicuous. The 
range has a general north-easterly and south-westerly trend, in which 
direction it gradually sinks to the valley of the Assineboine on the one 
hand and to the Qu'Appelle on the other. Professor Hind says, under date 
15th of August, 1858 : ** In the afternoon we began the ascent of a 
gently rolling slope at the foot of the Touchwood Hills ; patches of willow 
appear here fringing small areas of good pasturage. At 6 p.m. we reached 
the summit plateau and then passed through a very beautiful, undulating 
country diversified with many picturesque lakes and aspen groves possess- 
ing soil of the best quality and covered with the most luxuriant herbage. 
There is no timber visible on the west side of the range with the exception 
of small aspen and burnt willow bushes. All the wild flowers, so beautiful 
and numerous in the valley of Long Greek, are met with on the summit 
plateau of the Touchwood Hills, of even larger growth and greater profu- 
sion. Little prairie-openings fringed with aspen, occur here and there 
through which the trail passes ; we then come suddenly on to the banks 
of a romantic lakelet, in which ducks with their young broods are swim- 
ming, and white cranes start from their secluded haunts at the unexpected 
intrusion. The breadth of this beautiful plateau is about four miles, its 
level above the Salt Prairie to the west may be about five hundred feet. 
The fort is situated on the south-east flank of the range^ and from a hill 
close behind it an extensive view of the country is obtained. Heart Hill 
is about seven hundred feet above the level of the plidn and seven miles 
in an air line N. 12° W. of the post. The general direction of the range 
is N. 26° £. It appears to consist of a series of drift hills, many of which 
rise in rounded dome-shaped forms from the summit plateau." 

The above description is applicable to nearly the whole of the country 
between the old post and the Little Touchwood Hills Fort, the trail between 
the two running along the summit plateau and near its western edge for 
the greater part of the distance. On the flanks and summits of most of the 
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ridges and rounded dome^haped hills there are many large angular, 
evidently ice-borne, blocks and masses of buff coloured Silurian limestone J^^™®" 
with others of gneiss, mica schists, diorite and other crystalline rocks. 

Descending from the Touchwood Hills immediately to the westward the 
Great Salt Plain, utterly devoid of timber, stretches away to the distant Great sait 
horizon. At 12.27 miles from the site of the old post we came to the 
first drinkable water on the great plain, alongside of which we encamped, 
having carried firewood with us from the base of the hills. Almost every- 
where the surface of the country presents a peculiar aspect arising from 
the innumerable circular, oval or elongated pits and depressions which 
occur both amongst the hills and on the plains. Hundreds of them are 
not more than from one to perhaps three chains in diameter, three to six curioaipiteaad 

depreuions 

or eight feet below the general level and flat bottomed and sv^ampy, and 
fringed with low willow bushes ; sometimes they contain water, but at this 
season are for the most part dried up and the surface clothed with long 
grass. Others are of larger dimensions, enclosing saline and brackish 
water lakes, none of which have any visible outlet. Apart from the vege- 
tation, the outlines of the country altogether forcibly reminded me of 
representations of the surface of the moon. This plateau forms 
the watershed between the Qu'Appelle to the south-west, and the 
Saskatchewan and Assineboine to the north-east. A very small propor- 
tion of the water which falls upon it passes off by surface drainage. Rapid 
evaporation during summer and probably a considerable amount of percola- 
tion through the sandy drifls removes the remainder, and these causes are 
quite sufficient to account for the generally saline character of the 
numerous lakes and pools. Many of these saline lakes are as much as Large salt lakesu 
three, four or five miles in length, and occasionally from one to two 
miles wide. They occur either in isolated irregular basin-shaped 
hollows or forming chains of lakes in rather broad valley-like depressions 
extending many miles, but closed in on all sides by rounded drift-formed 
hills with grassy slopes. When occurring in this manner the lowest lake 
in the chain receives the drainage of che others, and I observed in all such 
cases that while the water of the uppermost lake was either quite fresh . 
or only slightly brackish, that in the lowest lake would be intensely salt 
and bitter. This peculiarity may also be observed to affect isolated lakes 
or pools near each other, situated at different altitudes, and the traveller where to seek 

tot ffood water 

seeking good water should always do so in those pools or lakes which 
occupy the most elevated positions, and which consequently receive 
their water by precipitation only and not by percolation or surface 
drainage from higher levels. 

August 15th. — Gamp XIX., 12.27 miles west from the old Touchwood 
Hills post and 872.47 miles from Fort Garry. Barometer 28.18, ther- 
mometer 86^ at 4.80 a.m. Started at 5 a.m and made 27 miles, camp- 
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ing at 5.45 p.m. We have been travelling all day over the " Great Salt 
Plain," a treeles3 prairie. In the depressions for the last six miles 
dwarfed poplars and willow bushes from three to five feet high prevail. 
The soil is a blackish loam, rather sandy, on a sub-soil of white looking 
gravel. Limestone and gneiss in large and small blocks are pretty thickly 
distributed over the surface. 

August 16th. — Start at 5 a.m., made two short halts for breakfast and 
dinner, and travelled till 8.15 p,m. not being able to find water earlier. 
wo"d and^ Distance travelled 36.08 miles ; country rather more undulating ; for the 
^'*^'' most part open prairie ; wood and water scarce and far apart. 

August 17th, Sunday. — This camp is on a grassy flat some fifty or sixty 
acres in extent, apparently a dried up lake bed about 100 feet below the 
level of the plains and surrounded on all sides by rather steep hills, covered 
on their flanks and summits with large ice-borne boulders, limestone, 
gneiss, etc. As there was no wood and but little water ilear the camp, 
we moved after breakfast to a favourite camping ground about two miles 
distant at the base of an eminence known as the Big Hill. Quite recently 
a substantial and conspicuous wooden cross has been erected on this hill 
by a travelling party of Roman Catholic Missionaries, who at the same 
time have re-christened it by the more classical if not as expressive name, 
Mount c«rmei Mount Carmcl. It rises to about 140 or 160 feet above the road at its base, 

or the Big^Uill. .... . 

and from its summit an extensive view is afibrded of the surrounding coun- 
try especially to the westward, in which direction there is a general fall 
towards the valley of the South Saskatchewan. Mount Carmel seems to be 
entirely composed of drift, and on its flanks and summit, which are partly 
covered with aspen and willow copse-wood, there are numbers of large 
angular boulders of buff-coloured limestone holding fossils, garnetiferous 
gneiss and mica schist and slaty diorite. In some directions as far 
as the eye can reach similiar hills and ridges follow each other in endless 
succession and apparently without definite arrangement or parallelism. 
From the lowest depressions to the summit of the highest ridges is often 
not less than 300 feet, and from Mount Carmel I counted fifteen distinct 
lakes and pools, while many more were only concealed from view by inter- 
vening ridges. 

August 18th. — Started at 6.30 a.m. on a course north 35 ^ west for 
The Rainy twclvc and arhalf miles through the Rainy Hills — ^low drift hills inter- 
^*^^*" spersed with many lakes and pools and clumps and patches of copse- wood 

with intervening open grassy plains. Camped at 6.20 p.m., having tra- 
velled 24.28 miles. 

August 19th. — Started at 6 a.m., and soon came in sight of the 
humpj Hill of Minitchenass or Lumpy Hill of the Woods, and when we camped at 6.45 
p.m. two miles from the crossing place on the South Saskatchewan, having 
travelled 37.74 miles, it was still a conspicuous landmark. 
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The Lumpy Hill of the Woods was ascended and examined by Professor 
Hind, and is thus described by him, (page 67, Report on the Assini- Profewor 
toine and Saskatchewan Exploring Expedition) : "The view from the description of 
Lumpy Hill which I ascended this evening is very extensive. The alti-«»«- 
tude of this eminence is about 400 feet above the general level of the 
country. From its summit an undulating open country dotted with 
lakes and flanked by the Birch Hills is visible towards the east. South and 
south-west is a lake region, also north and north-east. These lakes are 
numerous and large, often three miles long and two broad. Seventeen 
large lakes can be counted from the Lumpy Hill ; hill ranges in several 
directions can be discerned. The most important of these are the Bloody 
Hills, the Woody Hills far in the prairie west of the South Branch, and the 
chain of Birch Hills running from the Lumpy Hill easterly. Low hills and 
long ridges running north-east by east and south-west by south diversify 
the general level character of the plains as seen from the Lumpy Hill. 
This eminence consists of drift sand and clay with boulders on its sum- 
mit. The western side is very steep, and partially covered with a burnt 
forest of birch." 

Of the country in the wooded belts between the Lumpy Hill and the 
Big Hill or Mount Carmel, Professor Hind says : " There are many 
delightful spots in the belts, the herbage is clean as a well shaven lawn, 
the clumps of aspen are neatly rounded as if by art ; and where little 
lakes abound alive with water fowl, the scenery is very charming and 
appears to be artificial, the result of taste and skill rather than the 
natural features of a wild and almost uninhabited country." 

August 20th. — Started at 5.15 a.m., and at 6 a.m. reached the crossing so ith Fukat. 
place of the South Saskatchewan. The river here is about 200 yards *»»«• 
wide, with a strong swift cuiTcnt. The extreme width of the valley from 
the level of the plain on either side is in some places nearly two miles, 
and the descent to the river is by a succession of steps or terraces ; 
occasionally four distinct ^teps are visible of from twenty to sixty feet 
high, and the tread varying from a few yards to upwards of half a mile in 
"width. When these occur on one side of the river, the opposite bank 
generally rises abruptly to the level of the plain, presenting cliffs from 
140 to 150 feet in height of brown earthy clay or loam with occasional, 
large imbedded boulders. The river is now from six to eight feet below 
high water level, and at the bends stretching away from the base of the cliffs, 
are long points formed of large boulders of limestone and gneiss, the latter 
generally rounded and water-worn while the former are often as sharply 
angular as if recently taken from their bed. Blocks measuring 6x5x3 
feet are not uncommon, and nearly all of them are scratched and grooved 
hy ice. Ironstone nodules, some of large size, are also abundant i«>n«*on« '^o- 
amongst the boulders. There are no unmoved rocks of any kind in the Norocksin*-** 
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vicinifcy, and whether the superficial deposits here are immediately under- 
laid by Cretaceous, Devonian or Silurian rocks can only be ascertained by 
boring. 

Owing to a stiff breeze blowing all day against the current, and the 

shaky condition of the punt kept here by the Hudson's Bay Company,, 

Croisthesonthwe wcrc unablo to cross the river till late in the afternoon. At 6 p.m.^ 

having got everything over safely, we ascended the steep bank on the 

opposite side and camped. 

August 21 St. — Started early and reached Carlton House on the North 
Branch shortly after mid-day, distance by odometer 19.6 miles from the 
South Branch crossing, and 511.73 miles from For! Garry. The fort, 
Carlton Houae- the usual Square palisaded structure, enclosing the dwelling houses, stores 
and workshops, with flanking towers at each angle, stands on a terraced 
flat of limited extent about 200 feet below the level of plain. Between 
it and the river a second narrower terrace or alluvial flat, about fifteen 
feet below the first, borders the river, and is only a few inches above high 
water mark. A short distance above the fort, on the leftbank, the terraces 
terminate and a single steep slope rises from the margin of the river to 
the plain, while on the opposite side, the terraced character of the valley 
appears to have been modified by successive land-slides producing a wide 
broken surface of irregular hills and hollows, which are for the most part 
thickly wooded. The North Saskatchewan at Cailton is about 400 yards 
wide, with an extreme depth ofabout ten feet. For nearly half the distance 
horses can cross now without swimming. The channel seems to be much 
cut up by sand-bars and shoals, which are annually changing both in 
position and extent. 

August 22nd. — The afternoon of yesterday and to-day engaged re- 
arranging our loading, storing provisions required for the return journey, 
^^T tchew^n^ ^^^ getting carts and horses across the river. This having been success- 
fully accomplished we proceeded about two miles and camped at 5 p.m^ 
Soon after the tents were pitched, heavy rain«commenced with gusty wind 
from E. S. E., lasting till 8 p.m. 

August 28rd. — Seven a.m. It has been raining heavily the greater 
part of the night and still continues. Barometer 27.92, thermometer 58'. 
11 a.m. wind changing to north-west and rain ceasing, 2 p.m., thermometer 
60" J barometer 27.96. Struck camp and started. The soil here is very 
sandy and light. At 5.10 p.m. we reached the " Creek on the Prairie," 
a deep water channel with very little current, about one chain wide, con- 
AbuDdancc of nocting a series of lakes and large swamps swarming with snipe, plover and 
wild-fowl. To cross it without wetting our provisions we had to raise all 
the loading in the carts on to stages laid across the top rails, and the 
water was nearly two inches over the seat of the buck-board. This is the^ 



OBSERVATIONS BT ALFRSD R, G. SELWTN. 33 

"^orst crossing between Fort Garrj and Edmonton, and a bridge or ferry 
is much needed, and would be a great boon both to travellers and freighters. 
We effected the passage without accident and camped at 5.30 p.m. on 
the west bank, having with difficulty found a dry spot, which was, however, 
Surrounded on all hands by extensive grassy swamps ; no trees of any kind, 
and we had to bring firewood with us from the last timber '^ bluffs" which 
we passed some two miles distant to the eastward. 

August 24th. — Dense fog and heavy dew this morning : thermometer 
SS" at 6 a.m., barometer 28.20. Started at 7 a.m. and travelled 15.95 
miles to the right bank of Redberry Greek ; the road passes over a very sedbeny 
hilly and broken country interspersed with lakes swarming with ducks, 
teal and other water-fowl. This country is the eastern slope of the 
Thickwood Hills which form the ascent to the level of the third prairie 
-steppe. Redberry Creek flows into a large salt lake known as Redberry 
or Big Salt Lake. At 5 p.m. we reached Bear Paddling Lake, and 
camped on the north side of it, having made 21.3 miles. The road tra- 
velled this afternoon through the Thickwood Hills is very rough and stony, The TWokwood 
boulders having again become numerous, while from the base of these hills 
to Carlton very few are seen. As the name implies, the country is com- 
paratively well wooded, and grass is everywhere abundant. The baro- 
meter this evening reads 27.50, a difference since morning of 00.70. 

August 25th. — 5.30 a.m., barometer 27.55. Start at 6.25 a.m.^ the 
road passing over a very slightly rolling, treeless prairie. At 10 a.m. we 
«ame to the edge of a steep hill stretching a long distance to the right and 
left and bounding a wide grassy flat with a small creek running through 
it. On all sides it is bordered by steep rounded knolls and ridges, and the 
descent to it is not less than 100 feet. It has probably once formed the 
bed of an extensive lake with long narrow bays or arms and numerous on Lake bMin 
islands. There is but little change to note in the general aspect of the 
<;ountry. We have travelled 30.15 miles, the greater part of the distance 
through country almost bare of wood. The ridges and hills are composed 
of sand and gravel ; the soU is generally light and poor j grassy margined 
lakes and pools, many of them salt, abound, and the surface is very irre 
gular and broken, presenting a succession of saucer-shaped depressions 
with intervening low mammaloid hills and rounded ridges of drift, with 
grassy or occasionally partially wooded slopes, and on the surface scat- 
tered blocks and boulders of gneiss and buff-coloured, fossiliferous lime- 
stones. At 5.30 p.m. we camped on the crest of one of these ridges with 
three lakes in sight in the surrounding depressions. 

August 26th.— Started at 6.15 a.m. and travelled 18 miles to Jack-Fish £j^;f"' 
River. This river discharges Jack-Fish Lake. Where the road crosses 
it, it runs through a wide grassy flat, at the general level of the prairie. 
The current is strong and swift; the bed full of large boulders and the 
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water about three to four feet deep and fifty or sixty feet wide ; it is the- 
Wgest northern tributary of the Saskatchewan between Carlton and Pitt^ 
We did not see the lake. Dr. Hector^ who examined it in 1858, says • 
<^ Jaok-Fish Lake is divided by a narrow strip of land into two pordons, 
the whole being about tweniy miles long and twelve miles wide. Its water is 
slightly saline, but as it is fed by several large streams, while a large river 
flows out of it to the Saskatchewan, its waters never become concentrated 
like those of Redberry Lake, from which there is said to be no outlet. The 
lake freezes early in the wmter except at the northeast comer, where a 
large stream enters it, and where it remains open during the whole year. 
Here the Indians spear an immense number of pike, as the open water which 
is shallow and sedgy is actually crowded with them. Whitefish are also 
taken in conriderable numbers with perch and other fish, and there are 
always Indians living in the neighbourhood of this lake, on account of the con* 
stant supply of food which it affords." 

The soil for many miles is of the finest quality ; a rich black loam on a 
blueish-grey olay. The surface is thrown into large hillocks by the moles, 
and gophers, or marmots, rendering it very rough and unpleasant to 
travel over. At 6.15 p.m. camped on the summit of a low ridge, having 
travelled 28.47 miles. From Jack-Fish River westward, the country is 
tolerably level and thickly dotted with patches of copse-wood. Around 
our camp there are several shallow saline and fresh-water lakes swarming 
with wild-fowl. 

August 27th. — Camp XXXI. Ten miles west of Jack-Fish River. Baro- 
meter 27.92, thermometer 54'' at 6 a.m. Started at 6.30 and at 10.20 
reached Turtle River, having travelled 15.71 miles through a fine fertile 
country. Turtle River is a rapid stream about the same size and 
volume as Jack-Fish River and the Little Saskatchewan. At the 
crossing place the water is rather more than three feet deep. Judging 
firom the volume of water in both Jack-Fish and Turtle Rivers, they must 
both drain a very considerable tract of country ; but they have never been 
surveyed or examined, and their sources are unknown. It has been raining 
slightly all the forenoon, and at 3 p.m., it having again commenced to rain, 
we camped. Before the tents were pitched it was falling in torrents, 
accompanied by thunder and lightning. At 9 p m. barometer 27.52, thermo- 
meter 56®, still raining. 

August 28th, 6 am. — A very rough wet night and still raining with a 
strong southerly wind, barometer 27 46, thermometer 49®, too wet to travel. 
9 p.m., rain over, fresh south-west wind, barometer 27.87, thermometer 
51 <^. 

August 29th. — 6 a.m., barometer 28.00, thermometer 41 ^ , fine and 
clear. Started at 6 a.m., and at 9. 20 crossed English River, a small stream 
about twelve feet wide and two feet deep. On this stream, about one mile 
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belaw the crossmg^ the first spruce trees seen since leaving Fort Ellice spraoe trees. 
were observed. On the hill above the crossing place, and close on the 
right hand side of the trail, there is an enormous angular block of cream- 
coloured limestone. It measures ten feet square on the top, is about three 
feet thick and twelve yards round at the base* At 5.30 p.m. camped nine- 
teen miles from Fort Pitt on the southeast side of a large fresh-water lake, 
one of a chain of lakes which empty into Red Deer Creek. To the south-east- Bed Deer Hiua. 
the Bed Deer Hills rise some two to three hundred feet above our camp. 
We have travelled 31.4 miles to-day through a rather pretty park-like 
country. In places stoney and gravelly ; the soil a light sandy loam, and 
in parts, especially a few miles on this side of last night's camp, all sand 
and very poor. Dwarf juniper and the red-berried trailing bear-berry 
forming a carpet on the surface. Small clumps of willow and poplar in the 
hollows. 

August 30th. — i a.m., barometer 27.85, thermometer 58. ^ Start at 5 
a.m. with Mr. Roberts for Fort Pitt, leaving the rest of the party to proceed 
by the more direct road to the upper crossing of Pipe-stone Greek. The 
road which we followed after crossing Red Deer Creek turns to the left and 
passes by a steep descent down into the valley of the Saskatchewan, strik- 
ing the river near the northern extremity of the great south bend about six 
miles below the Fort, which we reached at 9 a.m., having travelled 18.65 
miles. 

Fort Pitt is situated on a narrow flat close to the river bank and about Fort pm. 
fifteen or twenty feet above the wat^r. The soil is a rich black mould about 
three feet in depth underlaid by a coarse rounded gravel. On the hills at 
the back, the soil is a brown sand and'sandy gravel, not suikble for cultiva- 
tion. There are fine crops of barley and potatoes at the Fort, the latter 
now being used, and the former would also have been ripe but was cut 
down in July by a heavy hail storm. Wheat has not been grown at Fort 
Pitt but barley is almost always a successful crop. This year, however^ 
it will probably be cut by frost before it has time to ripisn. We left the 
fort at S p.m., and ascending the hills at the back, overtook our train on the 
road a few miles west of Pipe-stone Creek. At 6.16 p.m. we camped, 
having made 14.2 miles from Fort Pitt and 32.85 miles from our last night's 
camp at the Red Deer Lakes. 

August 31st. — Started at 7.10 a.m., made 13.75 miles and halted for 
dinner at 11 a.m. The country traversed this morning is of the usual 
hilly character with intervening swampy flats and pools. Spruce trees, 
Abie9 alba, are here tolerably abundant ; there are also clumps of pine and 
a few larch trees. The soil is generally sandy and gravelly with a thin 
layer of light black loam on the surface. Prairie chicken very numerous. FrogCreck. 
At 5.80 we crossed Frog Creek, a rapid stream 50-60 links wide and three 
feet deep, and at 6.15 p.m. camped on the summit of a high ridge overlook- 
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ing the Frog Lakes lying to the north and north-west. The country traversed 
this afternoon, 12.45 miles, is all hilly and rather thickly wooded. Lakes 
and "pools are numerous. One large salt lake was passed, the road for 
some distance passing along the beach. 

September 1st. — 6 a.m., fine clear morning, a thick fog resting on the 
lakes, heavy dew on the hills, barometer 27.83, thermometer 46 ® . Start 
at 6.15 a.m. Rock Creek, Moose Hill Greek and Dog Rump Creek were 

Dog Hump crossed to-day. The latter is narrow, about four feet deep and boggy on the 
banks. A small brush bridge has been built across it, but as it was not 
safe for horses we unharnessed them and drove them through the Creek 
drawing the carts over ourselves. At 6 p.m. camped in the valley of Dog 
Rump Creek, about half a mile west of the crossing place. We have tra- 
velled 28.23 miles to-day. Two species of pine, and spruce trees, were ob- 
served at intervals all along our route ; small poplar thickets everywhere, 
with numerous swampy creeks, pools and lakes, between ridges and hills of 
sand and gravel, occasionally large boulders on the surface, nearly all of 
gneiss and granite. During the past two days very few limestone boulders 
have been seen, and to-day none. The valley of Dog Rump Creek is 

italStone*^ nearly two miles wide and about 200 feet deep. The terraces along its 

boulders. gj^gg ^j,e very marked, shewing two broad steps from the valley to the 
plain above: The valley itself has the appearance of a wide flat scored bj 
numerous channels, between which there are left a number of ridges and 
table-topped hillocks of gravel and boulders, marking the height of what 
must once have been the surface of the valley. This valley would be a 
good site for boring to test the extension of the Edmonton coal beds. 

September 2nd. — 6.45. a.m., barometer 27.32 ; thermometer 46^ Start 
at 6.00 a.m., at 6.20 reached the prairie level ; barometer 27.32, indicating 
a rise of 180 or 190 feet. At 9.45 came in sight of a large lake lying close 
on the left of the road. This lake is not indicated on the maps, but is 

Egg Lake. kno^n as Egg Lake. At 11.10 halted for dinner, having made 15.76 miles ; 

barometer 27.21. The Snake Hills bear west 40^ south about 15 miles 
distant. 

At 5.30 p.m.we camped on the south side of Saddle Lake,having travell- 
ed 24.79 miles. But little change in the character of the country; wood less 
. plentiful, only scattered poplar and willow coppice, with here and there a 
few spruce, pine and larch. Nearly all the older trees have been destroyed 
by fires : rich black soil ; a few boulders, gneiss and granite : good pastur- 
age everywhere : two species of vetch or " pea-vine" very abundant and 
luxuriant. 

September 3rd. — Start at 6.15 a.m., thermometer 46% At 10.50 halted 
for dinner, having travelled 14.9 miles of the worst road we have yet 
encountered ; the latter part of it,acros3 a wide, swampy, willow-covered flat, 
mud and water up to our horses' knees for several miles. At 5.30 camped 
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on a small creek twelve miles from Victoria, having made 27.60 miles. This 
afternoon we struck one of the heads of Little Vermillion Greek which we Litue vermit 
followed down for several miles through a narrow valley. Much of the 
country here is sandy, and the ground is covered with trailing juniper and 
bear-berry, (Arctostaphylos uva-nrsij) and in places thick pine and spruce 
forest; the trees, however, all of small size. 9 p.m., thermometer 44° 

September 4th. — 4 a.m., thermometer 28''. Start at 6.15 a.m. and 
reached Victoria, Hudson's Bay post and Wesleyan Mission station at 9.16. viotorur. 
The greater part of the road is sandy, through thick forest of small pine and 
spruce ; bear-berry and cranberry very abundant. In the garden at the 
Mission there were turnips, potatoes, cabbages, carrots, onions, parsnips 
and pumpkins, all growing luxuriantly : the wheat and barley sown in 
May are also very fine, the latter now being harvested. The soil is a 
rather light, sandy, black loam. The sharp frost last night cut the 
pumpkin, tomatoe and potatoe plants, but the wheat does not appear to 
have suffered from it. 

Victoria is in longitude 112^, west, latitude 5i° north ; 813 miles from 
Fort Garry and. about 1900 feet above the sea. 

September 6th.-Started at 5.80 a.m.,thermometer 40"^, barometer 28.10, 
At 10.40 halted for dinner on the left bank of Carp Creek, a strong clear 
stream with gravelly bed about fifty feet wide and two feet deep, 21.78 
miles from Victoria. At 5 p.m. crossed Vermillion River, called White carp creek and 

* Vermillion 

Earth Creek on Palliser's map, and camped on the west bank. This is also luver. 
a strong stream about one chain wide and three feet deep. Carp and Ver- 
million Creeks are probably the outlets of large lakes on the height of land 
between the Saskatchewan and Pembina River, but they are not laid down 
on any.existing maps, and have probably never been explored. For the last 
fifteen miles the road is very bad, alternations of boggy water-holes and 
sandy hills, all the way through thick woods. In the low parts poplar and 
birch ; spruce and pine on the sandy ridges. 

September 6th.— 4 a.m., thermometer 24", grass quite white with thick 
hoar frost. Start at 6 a.m. and reached Edmonton at 4.30 p.m. thirty-five 
miles from Vermillion River. No change in the character of the country. 
Stretches of open prairie well grassed, alternating with belts and patches 
of woodland, the greater part of it being well adapted for settlement. 

At about 23 miles from Edmonton the road crosses Sturgeon River, sturgeon Biter 
which drains a lar^e tract of country lying to the west and north-west 
of Edmonton, including Lake St. Ann and a number of other smaller lakes. 
It has a course of nearly eighty miles, and carries a large body of water. 
Where the road crosses, it is about seventy feet wide and three and 
a-half to four feet deep. All the creeks have hard sandy or gravelly 
beds and are therefore fordable without difficulty or danger. Edmonton Edmonton. 
House stands on the left bank of the Saskatchewan overlooking the river 
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and about 100 feet above the water. At the back of the fort the ground 
rises by a gradual ascent another 100 or 150 feet to the general prairie 
lereL Dr. Hector thus describes the valley at Edmonton : '^ At Fort Ed- 
monton the banks of the river valley are from 190 to 250 feet high, and at 
most places densely wooded. Seven to ten miles back from the valley, on 
either side, is a line of high ground rising from 200 to 300 feet above a 
willow covered plain." 

8t. Albert R.C. September 7th. — ^Yisited St. Albert R.G. Mission station and Orphan- 
age, nine miles west of Edmonton, presided over by Pdre Le Dae, bj 
whom we were most kindly received and hospitably entertained. In the 
orphanage there are thirty Indian and Half-breed children. A fine farm 
and garden some forty or fifty acres in extent is cultivated by the mission- 
iiaries. In the fields there were splendid crops of barley, wheat, potatoes 
and turnips, and in the garden a variety of other vegetables. The barlej 
w:is just cut, the wheat not quite ripe and some of the ears frosted. Pdre 
Le Due says wheat has hitherto proved an uncertain crop, having very 
frequently been cut by frost before ripening. Some more hardy kind, 
or fall sowing, which has not been tried, might produce better results. 

September 8th — Making arrangements to start to-morrow for Rocky 
Mountain House. In the afternoon examined the left bank of the river 
for a mile and a-half below the fort. Found two thin seams of coal with 
a black earthy shale and layers of grey clay-shale between them, the for- 
mer made up of indistinct plant remains looking like grass and sedges. 

8MP euy. Immediately above the coal seam is a layer of a brown greasy clay six or 
eight inches thick. This clay works into a lather like soap, and Dr. Hec- 
tor says it was used by the women at the fort for washing blankets. A 
sample of it, analysed by Mr. Hoffmann in the Survey laboratory, shews it 
to be a hydrous silicate of alumina* 

The upper part of the bank is either a brown clay-earth or a rounded 
gravel. Owing to the slides in the banks caused by springs, the strata are 
so much covered up that the thickness of the sev oral beds is not easily 
ascertained. I did not examine the opposite bank of the river. Dr. 

l^onton. Hector gives the following section of it, a short distance below the fort :— 

Superficial grarel and sand 7. 

Grejsandjr clay 8. 

Lignite 1. 

Bhale 11. 

Lignite 2. 

Claj sandstone 10. 

Lignite very pure 3. 

Concretionary green sand 12. 

Lignite Tery pure and compact with six inche s of. 

Soap clay 6. 

60. 

*For analysis and description of this soap-day see Appendix 
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The strata are generally nearly horizontal, though occasionally present- 
ing a slight dip, three or four degrees, to S. 29? E. A nodular clay ^^^,^,^^0^ 
iron ore occurs in layers associated with the shales. A number of similar 
ironstone nodules, some of large size, were noticed along the river bank on 
the South Branch. Their position there being probably due to ice transport. 

September 9th — Having engaged the services of John Oallion as guide, 
^ho was well acquamted with the road and the river between Edmonton „ _ ^ « _ 
and Rocky Mountain House, and leaving the rest of my party at Edmon- Moanuon 
^on, I started with the buck-board and four horses, crossed the river at 1 
p.m. and ascended the opposite bank. Striking nearly due south in about 
twelve miles we came to the crossing of White Mud Creek, a small stream 
which empties into the Saskatchewan about two and a-half miles above 
Edmonton. The trail we are now foUowiug is much better than that 
between Victoria and Edmonton. The general character of the country 
unchanged. A rich black soil ; numerous swampy lakes, open richly 
grassed prairies with belts and patches of copse-wood with spruce and 
poplar trees. At 5.45 p.m. we camped on the open prairie on ground 
which had evidently not many hours before been occupied by a large 
Indian encampment. Most of the lodge poles were still standing, and we 
appropriated Uiem for making our camp and for firewood. Made twenty- 
four miles. 

September IQth. — A good deal of rain has fallen during the night 
■accompanied by thunder and lightning. Start at 6.80 a.m., thermometer 
bZ"" ; barometer 27.10 ; fine and clear ; passed by the west end of Long 
Lake and halted for dinner on the Peace Hill ; (Mosquachis or Bears 
Hill on Palliser's map ;) distance by odometer from last night's camp 26.5 
miles. At 5«30 p.m., we reached Battle River, crossed it, and camped Batue bitv 
near a belt of timber on the south of the trail, having travelled 80 miles 
49ince dinner. Battle River is here quite a shallow stream, 20 yards wide, 
with stony bed and gravelly banks about ten or fifteen feet high. From 
this point to its junction with the North Saskatchewan below Fort Pitt, 
its general course is nearly east through five and a-half degrees of longi- 
tude, and for a great part of the distance, according to Dr. Hector, it 
runs m a valley from 150 to 270 feet below the plain. No change in the 
^character of the country, a drift covered surface the prevailing feature. 

Sej^ember 11th. — 5-80 a.m., thermometer 40° ; barometer 27.82 ; 
ground covered with snow. Start at 6.10 a.m., snow falling all the fore- 
noon. At noon halt for dinner on Blindman's Creek, having travelled BUndnuuf* 
83.4 miles. At the crossing pUce on Blindman's Creek, the rooks are 
well exposed in clifis about fifty feet in height. Soft, friable, brown sand- 
«t<»ke in beds of from one to ten feet thick with layers of thin bedded 
4(andy shale, and, near the top of the section, a bed fourteen inches thick, 
«of a hard, brown, flinty-looking rock. Eztemaily many of the strata are 
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^hite from a lime coating, as if whitewashed. Near the base, resting oir 
sandstone, is a thin layer of lignite. 

Friday^ September 12M. — ^Barometer 27.00 ; thermometer 20** at 4r 
a.m. ; a heavy white frost covering the ground, almost as thick as if from 
a fall of snow. Started at 6.50 a.m., and at 2 p.m. arrived at Bocky 
Moantain^House, having travelled 37.4 miles. After crossing at 8 and 
8.50 a.m. respectively, two smaU creeks, tributaries of Medicine River, 
Washing Greek and Lob-stick Creek, the latter thirteen miles from our 
last night's 'camp, the road — certainly the worst we have travelled over 
since leaving Fort Garry — enters a flat and rather thickly-timbered 
country, and for about ten miles its course is very crooked, skirting and 
crossing swampy meadows, muskegs, and belts of thick spruce forest. It 
then rises by a gentle ascent, passing through thick poplar and dwarf 
birch woods, to the summit of a ridge immediately beneath which, nearly 
800 feet, and stretching away to the westward, lies the valley of the Sas- 
katchewan. The view up the v alley in this direction is bounded by the 
serrated ridges and snow-clad peaks of the Rocky Mountains, while in the 
foreground occasional glimpses of the river are afforded through openings 
in the forest, and on a broad flat ori the left bank, and some two to three 
miles distant, the pallisades and roofs of the buildings may be perceived,, 
which constitute the Hudson's Bay post of Rocky Mountain House ; to 
reach, which, however, a considerable detour had yet to be made, as at 
the point where the road comes upon the valley the latter is bounded by 
perpendicular cliffs of sandstone, some 80 or 100 feet in height. Follow- 
ing along the brink of these cliffs in a southerly direction, a gradual 
descent of some two or three miles is made into the valley of Clearwater 
River, a large tributary which joins the Saskatchewan, about a mile below 
the post. The road to the post crosses Clearwater, about a quarter of a 
mile above the junction, and passing over the alluvial flats in the angle- 
between the two rivers, strikes the Saskatchewan directly opposite the 
fort. Here the horses were relieved of their harness, and being driven 
into the stream, quickly reached the opposite shore, to which a batteau* 
conveyed ourselves, baggage, and buck-board ; and our land journey of 
1,055 miles was completed, only to commence, however, on the following, 
day another of still greater length by water. 

It will perhaps be unnecessary to give the journal of this homeward 
voyage in detail, and I shall, therefore, make only a few brief extracts 
from it, and conclude with some remarks on the geological and other 
features which were observed at the Mountain House and along the river^ 
thence to Winnipeg. 

September lZtT>. — Having made all necessary arrangements, and througk 
Departure from the kinJness of Mr. Fraser, the officer in charge, secured the only boat 
there was at the Mountain House, a half-sized Hudson Bay batteau, and^ 
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aleo the services of aHalf-Breed lad to assist Gallion in navigating it, at 
1.30 p.m- we poshed off into the stream, and without the aid of oars, 
impelled hy the current only, we floated down at the rate of four and a 
half or five miles an hour, and at 6-80 p.m. we camped on a narrow allu- 
rial ledge, at the haseof a saodstooe cliff 120 feet in height; the following 
daj, September 14th, starting at 5.30 &.m., we passed Baptiste and Bra- 
zeau Krer, and camped at 5 p.m. on a small island, about one mile below 
a series of remarkable looking ciiSs, resembling a number of equal sized iteiaark>b[» 
pyranuds standing side by side ; they are due to the action of the atmos- 
phere scooping out hollows or small steep valleys in the soft sands and 
clays forming the banks. These valleys slope up at an angle of 20°-25'' 
to the prairie level, while the intervening spaces present vertical sections 
of the strata, as shewn In the accompanying woodcut. Travelled 39 miles. 



September lath. — Started at 5.15 a.m. aid camped at 5.45 p.m. To- 
day we passed two £ne exposures of a thick seam of coal 18 to 20 feet, ™^ ^ 
cropping in the right bank. A photograph was taken of the second 
exposure, see page 49 ; travelled 34 miles. Heavy rtun on the 16th, com. 
mencing in the afternoon, compelled us to camp early. On the 17th at 1 
p.m. we reached Edmonton. The total distance from the Moanttun 
House to Edmonton as shewn by my sketch of the river is 138 miles, and 
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I think there most be an error in Dr. Heotor's estimate of it, which he 
^ves at 212 miles. On the afternoon of the 18th, the interval having 
been spent in settling accounts and making arrangements for our further 

ij»Te Edmon- joumcy, WO bid adieu to Edmonton. During my absence a boat had been 
built for us to descend the river in, but as she ifBfi only fastened with 
clenched iron nails and not strong, I decided to go on in the one I had 
brought from the Mountain House, a good staunch boat 25 feet in length 
and fastened with copper rivets. From Edmonton to Carlton, a distance 
by the river of about 400 miles, our party, with the exception of Macdon- 
aid who remained at Edmonton, was the same as on the journey over the 
plains from Fort Garry, five persons besides myself, and as none of us had 
ever before descended the river, we had to find our way as best we 
could through the dangers and difficulties of the navigation, conmsting of 
intricate channels, sand banks, shoals and rapids, none of which are, 
however, of a very formidable nature. Four of the party worked at the 
oars, the fifth took the helm, and I acted as bowsman, and continued my 
sketch of the river, noting the bearings and distances of each bend and 
sketching it in my note book to scale as we went along. Below Edmonton 
the current is much less rapid, and there are long stretches where, to keep 
up an average speed of four miles an hour, constant pullmg is required. 
Sometimes the prospect of a more direct course tempted us to leave the 
main channel, and in almost every instance we were landed on shoals or 
sand banks, obliging us to retrace our steps, at the expense of much labo- 
rious pulling and poling against the current. Notwithstanding these 
mishaps, however, we made a prosperous and tolerably rapid passage, 
reachmg Carlton on the 80th of September, the thirteenth day after our 
departure from Edmonton, and thus averaging considerably more than 
thirty miles per day, the time we were actually travelling being only 
eleven and a half days. On the morning of the 24th of September the 
thermometer fell to 20^, and from that time till we reached Carlton we 
had very cold and unpleasant weather, snow, sleet or rain falling every 
day, and the thermometer seldom more than three or four degrees above 
the freezing point; 14^ being the lowest, and 80^ the highest reading. On 

^^iton** arriving at Carlton we found that a full-sized Hudson's Bay batteau, well 
equipped, and manned with five experienced Half-breed and Indian voya- 
geurs, had just arrived with ^^ peices " i.e. goods, from Cumberland House 
and would be starting on the return voyage the following afternoon. I at 
once arranged with Mr. Clarke, the Hudson's Bay officer in charge at 
Carlton, to allow our party to proceed down the river in this boat ; and 
the same boat, but with three changes of crew, subsequently carried us 
the whole way to Fort Oarry, a distance by Lake Winnipeg and Red 
Itiver of about 800 miles. 
Ist October.— Left Carlton at 1.50 p.m. We had made only about 
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four miles when, somewhat to mj surprise, at 3.5 p.m., our crew palled 

in shore and informed me they were going to ha\re dinner. We had of 

<;oarse dined before leaving and so had th^ ; but there was no help for 

it; the captain, yojageur, and guide in a Hudson's Bajr batteau is 

supreme, stops when he likes, goes on when he likes, and consults his own 

fancy in all the arrangements, and if you venture to remonstrate, or to 

suggest that two breakfasts and two dinners are not required, he is very 

apt to become sulky and you find yourself worse off than before. At siow-progreM. 

4.80, having then made about four miles more, they again landed, on a 

low willow-covered island, and informed me they did not intend going 

uny further that day. This did not look very promising for progress, and 

I began to wish we had come on in our own boat. The next morning we 

were off at 5 a.m., but what with grounding on sand banks, and stopping 

first to kill, and not long after to cook and eat a beaver, our progress was 

not more rapid than yesterday^ and by 4.30 p.m. we had according to 

my estimate only reached 31 miles from Carlton. Thermometer at noon 

in the shade 28^, freeung all day and ice forming in the river and along 

the shore. 

Srd October. — Started at 5.30 a.m-, thermometer 80^. At 8.80 a.m. 
we reached the Prince Albert Mission station, and Hudson's Bay Com- J.jJ'^^^*^®^ 
pany's farm, 42 miles from Carlton by the river. There are several >^i"*on- 
^ettlers established here, on a fine open flat of excellent soil about 20 feet 
above the river, with hills in the rear gently rising to the prairie level. 
The church, the parsonage, the Hudson's Bay establishment, and the 
settlers houses make quite a village extending between two and three 
miles along the right bank of the river. At 4.30 p.m. we camped at 
*' The Red Cliff** about seven miles below Prince Albert. On the 
following morning, starting at 6.25 a.m., we reached the head of Coles 
Falls or Rapids at 9.15 a.m., and though we had a good breakfast at a 
a little before six our crew went ashore, lighted a fire and spent an hour 
booking and eating. At 12.46 we arrived at the South Branch, a s^o^^^^J-^^^^f^J"!? ^ 
•distance below the last of the Coles Rapids, a;nd where in the angle o^o^uu- 
formed by the two rivers stood the now deserted establishment of Captain 
Butler, of which a sketch, not a photograph, is given page 43 of his ^' Wild 
North Land." Here we halted for dinner, and our crew did not lose the 
opportunity for another meal. Starting again at 2 p.m. three hours and 
ji-half brought us to Fort a la Come, 105 miles from Carlton, and 55 
miles from our last night's camp. Leaving Fort a la Come on Monday, 
€th of October, we reached Cumberland House, on Pine Island Lake, via P»?^ dumber. 

' ' ' land Home. 

Sturgeon lUver, at 2.20 on the 9th, the distance according to my esti- 
mate being 155 miles, the last 18 miles across Pine Island Lake on a course 
nearly due east magnetic from the mouth of Sturgeon River. Cumber- 
land House is dtuated at the south-eastern end of Pine Island Lake, and 
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about four miles north of the Sakatchewan River, into which there are 
three outlets from the lake : Big Stone River, immediately in rear and 
west of the fort ; Tearing River, about four miles to the eastward ; and 
Fishing Weir Creek still further eastward, and on the canoe route via 
Sturgeon Lake to Beaver River. At 2.45 p,m. on the 10th of October 
we set sail from Cumberland, steering for the mouth of Tearing River, 

Lwe Camber- ^y^h WO entered at 3.15. The general course of Tearing River is 
south-east magnetic ; where it leaves the lake it is nearly half a mile 
wide with a strong current,but is cut up by numerous low islands, and the 
channels are obstructed by large boulders of limestone. The islands are 
covered with a thick growth of willows and reeds, and here and there 
clumps of poplar. In the spring the whole country is apparently 
flooded. The high water mark left on the trees and bushes is about two 
and a-half feet above the surface ; now the water is from six to seven feet 
below the top of the banks, or from eight to ten feet lower than when in 
flood. At 5.30 p.m. we made fast to the bank, and as there was no dry 
ground we camped on board. Distance from Cumberland about 16 miles. 
Starting the following morning at 5.45 a.m., ten minutes pulling broughl 
us again into the Saskatchewan, and at 9.30 p.m. we arrived at The Pas, 

The Fas. Hudson's Bay post and Missionary station, having made 40 miles, the last 
ten after dai-k. The country bordering the river is throughout low and 
flat, thickly wooded with poplar, willow, and alder, also some ash, maple, 
and spruce. The banks rarely rise more than six or eight feet above 
the water, and consist entirely of fine alluvial silt. Similar low swampy 
country extends to near the entrance to Cedar Lake, a further distance 
of about 55 miles. On Monday, the 13th October, we left The Pas^ 
and at 5.30 p.m. on Tuesday we camped on a small island in Cedar 
Lake. The next day we passed through Cross Lake and at dark camped 

Cross Lake at the lowcr end of the Cross Lake Rapids. Flat lying strata of buff- 
coloured limestone form the banks along this part of the river, and a 
thin covering of drift soil, resting on it, supports a thick forest of small 
spruce. 

16th October. — Started at 6,15 a.m., at 7 — having stopped a short 
time to look at the wreck of the first Saskatchewan steamboat, which we 
here found lying on the bank some eight or ten feet above the water — we 
commenced the descent of the Orand Rapid, and in fifty minutes reached 

Wreck of the the Hudson's Bay post on the shores of Lake Winnipeg. Starting again 

wan steamboat, at noon, and favoured by a strong fair wind, we rounded Cape Kitchenashi, 
and at 5*15 p.m. camped in a small sheltered cove on the south side of 
the cape. From this point to the mouth of Red River, a distance of 
about 220 miles, our voyage occupied seven days, or till the morning of 
Friday the 24th October, head wind having detained us only one whole 
day and three half days. On the 26th of October, we reached Winnipeg^ 
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having travelled siuce we left it on the 25th of July, by land and water, 
I 2,300 miles. 

Geological Features 

jR )cJcj Mountain House to Wmnepegy hy the River, 

Starting from Rocky Mountain House, lat. 52^ 20' north and long. 
115^ 10 west, the North Saskatchewan River runs in a general north- 
easterly direction till it reaches a point about 90 miles below Edmonton 
in lat. 54^ 10' north, long. 111^ 30' west; it then sweeps gradually round 
to the south-east, on which course it runs with many minor bends till it 
reaches " The ElhoWy'' lat 52° 20 north, and long. 107° west. At this 
point, as the name implies, a sharp bend occurs, again giving it a general 
north-easterly course, which it maintains to Cumberland Lake where it 
a second time reaches the latitude of 54^ north between the 101st and 
103rd degrees of west longitude ; thence a comparatively short south- 
easterly course of about 150 miles carries it to its mouth in Lake 
Winnipeg, while the three upper sections above described have a nearly 
equal length of about 300 miles each. As I spent only 24 hours at 
Rocky Mountain House, and a considerable part of this time was 
necessarily occupied in making arrangements for our voyage down the 
river, the observations I made there were very limited. The general 
character of the vicinity, however, is so well and accurately described by 
Dr. Hector, that I can not do better than reproduce here his description, 
adding the few additional facts which came under my notice. 

Under date January 14th, 1858, Dr. Hector says, " Crossing several JiJ* hSjSJ's 
large muskeg lakes, and then passing through a belt of heavy timber, we ^^p^^^ 
reached the Saskatchewan an hour before sunset, descending to it by a 
rugged guUey that led down the side of a sandstone precipice. We fol- 
lowed up the river about two miles upon beautiful clear ice, but which is 
full of open holes from the rapidity of the current, at one of which, caused 
by a rapid, we had to leave the river and pass through the woods, when 
T^e emerged in a large plain on which stood the fort. 

- loth January. — After breakfast set off to a hill about two miles to the 
west in order to get a view of the mountains. After passing into the 
woods behind the fort the trail led through a large frozen '^ muskeg,'' in 
which was a heavy growth of spruce and larch. The terrace level on 
which the fort stands is twenty feet above the river, and in proceeding back 
a slight descent is made to the "muskegs" which lie along the base of 
the second terrace, like the first, composed of shingle made up of frag- 
ments of quartzite, gneiss, and of a deep blue and also light fawn-coloured 
limestone. This second terrace is covered with pines, and being free 
from underwood, presents a fine open glade, easily passed through ; quite 
a contrast to the woods of spruce, which are almost impenetrable. On 
reaching the hill I found it to rise about eighty feet above the second 
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the country terraco level, and nearly 150 feet above the ri\rery and as the timber had 

iio^tain^ been all burnt from its surface, it afforded a commanding view. The 
surrounding country presented a rolling irregular surface, everywhere 
densely clothed with dark green pine forest, and having the south-west 
horizon bounded by the abrupt and bold outline of the Rocky Mountains. 
In front of the main range, that seemed to be about forty-five miles dis- 
tant, there is a lower but well marked range which is wooded to the top^ 
and only about twenty-five miles off. The point where the Saskatchewan 
cuts through the near range is due west from this, and is much further 
distant, owing to the north-west trend of the mountains. Three hundred 
yards below the fort there is a rapid in the river channel, and a fall of 
three feet caused by ledges "of greenish sandstone that cross the stream. 
A few hundred yards below this the river receives a large tributary 
called Clearwater River, on the banks of which, as well as on those of 
the main stream, high sections of the strata are exposed. At the height 
of sixty feet above the Btream beds of shingle, gravel and sand occur ^ 
overlying all the other beds, and clearly forming the remsdns of a fresh 
water deposit similar to the terraces which occupy the valley of the river. 
The layers of pure sand which occur in this deposit contain fragments 
of the stems of sedge-like plants. The irregularities in the denuded 
surface of the underlying beds often form deep depressions like the pot- 
holes found in the chalk, and which are filled by the shingle deposit. 

Judging from the mineral composition alone there are three groups of 
beds exposed in the sections in this neighbourhood* 1st, massive cli& of 
coarse-grained sandstone, composed of angular grains of quartz cemented 
by calcareous matter in small quantity. Just below the ravine where the 

saodBtone ciiift. Edmonton track comes down on the river there is a cliff of the sandstone 
90 feet in height. The lines of stratification are very obscure in this 
deposit, being confused by joints and false bedding. 

2nd. — The next group is that exposed at the rapid, and is composed 
of a green argillaceous sandstone which, by weathering, always gives rise 
to sloping banks from which concretionary masses protrude. These beds 
are generally horizontal, but sometimes have a rapid dip. They seem to 
p»ss into the last group, and sometimes to fill depressions in it. 

3rd. — This consists, first, of ten to twelve feet of hard blue shale, with 
ironstone bands and concretions. Under this shale lies a bed of soffc 
argillaceous sandstone, with concretions somewhat resembling the 2nd 
group. Under this bed is found the lignite, with shales, and (except close 
to it where these shales are carbonaceous) their colour is of a light greenish- 
grey. In the shales are found plant-impressions, among which is the 

Fossil plants. Taxitcs. At somo points there are two beds of coal, but they are very 
variable and local. The lignite found here is better adapted for fuel 
than that obtained at Edmonton. 
16th January.— I started up Clearwater River, travelling on the ice 
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for about twelve miles. The banks of the ri?er were high and steep, and 
present sections of the argillaceous sandstones, sometimes forming very 
picturesque and ruinous cli& which peep out from among the dark green 
pines. The timber is good everywhere, but never of large size. On the '^^^' 
high grounds I observed here what I think must be the Pinus resinosaj 
aldiough all the pines are termed by the Company's servants le Cyprus, 
which, however, is more properly the P. Banksiana, The tree which I 
suppose to be the P. resinosa I have never seen lower down the Sas- 
katchewan. It rises with a beautiful straight trunk with light branches 
to the height of 70 feet, its trunk being often 16 inches in diameter and 
finely tapered like a mast. The cones and foliage are somewhat like 
anotiber pine which grows abundantly on the shingle terraces. This tree 
answers nearly to the P. inopiSj or New Jersey Scrub Pine, but it 
presents a more sturdy habit and several other peculiar characters. It is 
the same that was noticed near Carlton, but from that point it was not 
again seen along the Saskatchewan till after leaving Fort Edmonton, and 
never in any quantity lill near the Mountain House. It seems to grow 
only on loose sandy soil and prefers the surface of the terraces. Besides 
these pines I observed here, for the first time since leaving the canoe 
route, the silver spruce, Abies bahamea or Le Sapine of the voyageurs, 
with its beautiful foliage, dark green above and silver below. It is not a 
common tree here, however, the mass of the forest being still made up 
of the white spruce, canoe birch, and poplars, along with the pines before 
mentioned. 

nth January. — To-day I travelled up the Saskatchewan River for 
about eight miles. The river opposite the fort is 130 yards wide, and 
when it is lowest from two to three feet deep. At every bend S^^© JJ^iJ^"* •* 
sections were exposed of the lignite group. The river seems to be wind- ««>"p- 
ing about in what had been an immense valley cut through these strata 
and then filled up with beds of shingle which had again been scooped out 
and formed into terraces, and finally the present river valley had been 
formed cutting through not only these terraces but also the underlying 
strata in some cases. Thus the shingle terrace facing the bank of the 
river is seen to inclose patches of the lignite shales, in which have been 
worn deep furrows prior to the deposit of the shingle. Some sections 
shew the remarkable manner in which the passage takes place in the 
mineral structure of the bed. On the lefl bank of the river we have the 
bank 80 feet high, and consisting of: — 

Sections near 
Drift with boulders. Rockyli^aiitaiB 

Shingle. **«"•« 

Iron shales. 

Lignite, a few inches. 

Indorated shales. 

Lignite, a few inches. 

Sandy claj. 
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Lignite variable. 

Indurated shale (Taxites). 

Lignite, one foot. 

Ironstone shale. 

Lignite, very irregular, but compact. 

Concretionarj sandstone, thick bedded. 

River level. 

Two hundred yards below this, in the same cliff, nothing but hard blue 
^^^i^"»d sand stales are exposed, and fifty yards further on these pass into the soft con- 
cretionary sandstone, and then again into the mixed beds. There are a 
f 3W dislocations in the strata, but these do not affect the beds more than a 
few feet. Six miles above the fort the banks are again formed of high 
cliffs of the coarse-grained sandstone, group 1, after which they are again 
low, and the surrounding country is flat." 

Immediately above the fort the river bank is about forty feet in height 
and exposes the following section : — " 

Feet. Inches. 

Soil 3-4 

Coarse rounded gravel 10 

Grey shale 15 

Lignite coal 3 

Parting shale, carbonaceous , 2 

Lignite coal 10 

Shale 7-8 

Sandstone, olive green, soft and friable 3 

Dark grej indurated shales to water level... 41 3 

I was not successful in finding any fossils in 8itu in the coal strata at 
Rocky Mountain House, with the exception of a few fragmentary plant 
remains, too indistinct for determination. At about a mile and a 
half below the mouth of Clearwater, on the left bank, a seam of 
Thr-e-feet coal excellent coal crops out, said to be from two to three feet thick. It is only 
*^*™' accessible at low water, and I did not see it. A considerable quantity 

of coal has been raised from it for use in the forge at the fort, for which pur- 
pose it is found to answer well. It is a hard bright jet-like coal, and does 
not split up on exposure like that from most of the other beds in the 
vicinity. No. 1, in the appended analyses by Dr. Harrington, is of a sample 
of this coal. The other samples of which analyses are given are all from 
seams which crop in the banks of the river, between Rocky Mountain House 
and Edmonton, and these analyses serve to show that the lignite 
coals of the Upper Saskatchewan are very superior to those met with 
farther to the south, along the boundary line, and in the Qu' Appelle Valley. 
The latter appear to be all of Tertiary age ; whether the Saskatchewan 

Age of the coai^^^^ ^^® ^^ ^^® ^^^ age,'or Cretaceous, is at present uncertain. The 

^®^" plant remains in both are alike, as well as the lithological character 

of the associated sandstones, shales and ironstones, but no animal remains 

have yet been found in the strata associated with the Saskatchewan seams. 

Dr. Hector says, " As developed at the Mountain House the formation. 
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whatever its exact age, may be described as consisting of sand and clay in 
varying proportions ; great ridges of pure sandstone, including basins, in 
which have been deposited clays and clay sandstones charged with 
lignites and ironstone in large quantities." 

In sections exposed on Red Deer River ,but in beds considerably above the ^ i>e«r 
lignite and silicified wood layers, Dr. Hector found PcUudina^ Ostrea and 
Natica. From the Mountain House to Edmonton, and thence to a short dis- 
tance below Victoria, there are fair exposures of the strata at comparatively 
short intervals along the river ; soft friable green, grey and brown concre- 
tionary sandstones, alternating with blue and grey arenaceous and argil- 
laceous shales, with layers and beds of lignite, and bright jet- 
like brown coal, are the prevailing features in these exposures. In the 
shales there are layers of nodular clay iron-ore, holding numerous frag-^*^*^^'*^"- 
ments of plants, and containing an average of 34*98 per cent, of iron, but 
I did not see these anywhere in sufficient abundance to be of economic 
importance. At one place on the right bank of the river as mentioned page 
41^ about forty miles below the confluence of the Brazeau River, I found a 
seam of this jet-like coal, which measured from 18 to 20 feet thick. It occur- ^J^^ ^^^ ^* 
red of equal thickness in two exposures rather more than four miles apart. In 
the first exposurci which extends some 50 or 60 yards in length, but 
which, owing to the swiftness of the current running at its base, is not 
easily examined, the seam is almost flat, and rises from the water in a 
nearly vertical cliff, exposing eighteen feet of apparently excellent coal. 
The bottom of the seam here was beneath the water, and could not be 
examined ; above it the cliff was not accessible, and the rocks were con- 
cealed by slides of earth and other debris. The second exposure, which is 
no doubt on the continuation of the same seam, occurs in an arched form, 
and shows eighteen feet of coal, with one, two to three inch parting of 
shale. The accompanying sketch, drawn by Mr. Foord, is from a photo- 
graph of this exposure. The specimens of the seam which I collected, 
were all taken from the surface, and it is not unlikely that beyond the 
influence of atmospheric action the coal will prove of better quality than 
is indicated by these specimens. In the accompanying analyses (see Analyse of 
appendix) Nos. % 3, and 4 are of samples from the eighteen feet seam. 
At intervals, the whole distance from Rocky Mountain House to Edmon- 
ton, 135 miles, and thence to Victoria, 76 miles further along the course 
of the river, similar rocks with coal seams and nodular ironstone layers, 
^ere observed. 

Dr. Hector has separated the Edmonton coal rocks from those in the 
vicinity of the Mountain House by an intervening area which he con- 
sidered to be occupied by a somewhat higher section or division of the 
Cretaceous series. He did not apparently see the thick seam of coal 
Trhich I found, as above stated, below the Brazeau River, about eighty- 

£ 
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Fire llBet six 
Inoh coal 
seam. 



Extent of the 
coal field. 



six miles from Rocky Mountain House ; and another seam of fire feet six 
inches thick, which I found at a point some fifteen miles higher up the 
river, as well as the numerous indications of seams which occur between 
the out-crop of the eighteen feet seam and Edmonton, probably also 
escaped his notice, as he travelled partly during the night, and in the 
winter, on the ice, when many of the exposures along the banks must 
have been concealed by snow. The observations which I was able to 
make descending the river do not enable me to say whether the 
seams retain their thicknesses or are connected for long distances, or 
whether the very numerous exposures and indications seen in the cliff 
sections represent only more or less lenticular shaped and isolated patches, 
repeated at different horizons and over large areas. Dr. Hector appears 
to incline to the latter idea, and, in a note referring to the seams at Rocky 
Mountain House, he states, '^ The coal beds are not continuous for long 
distances." Whether this is actually the case or not, there can be no 
question that in the region west of Edmonton, bounded on the north by 
the Arthabasca River and on the south by the Red Deer River, there 
exists a vast coal field covering an area of not less than 25,000 square 
miles : and beneath a large portion of this area we may expect to find 
workable seams of coal at depths seldom exceeding 300 feet, and often, 
as in the case of the thick seams above described, very favourably 
situated for working by levels from the surface. 

Below Victoria the river valley widens considerably, and often 
rises by successive broad steps or broken terraces to the level of 
the prairies on either side. Sometimes as in the vicinity of the 
St. Paul R. C Mission station, 97 miles below Edmonton, these 
terraces are very regular and quite bare, while at others they are 
thickly clothed with brushwood of willows, alder, and other shrubs 
mixed with poplar trees, and here and there a small clump of 
spruces or pines. Occasionally the banks abut steeply on the river, and 
afford imperfect exposures of the strata, which differ considerably from 
those met with at and above Victoria. Hard flaggy sandstones and 
impure limestones, associated with soft blue and grey clay shales, with 
layers of large concretionary, olive-brown, cement-stones or septaria, 
seamed with veins of yellowish-white calc-spar, and holding fossil shells 
(InoceramuSi &c.), are here met with, but no thick bedded sandstones, 
and without associated coal or lignite beds, or, so far as I observed, any 
plant remains. Whether these marine Cretaceous beds are above or below 
poaraonortne ^^ Edmontou coal-bcaring bods I am at present unable to say. lam, 
j^onton coal h^^ever, disposod to take the former view, notwithstandmg that the plant 
remains associated with the coal beds are of modern types. Respecting 
the few specimens of these which were collected. Dr. Dawson has kindly 
furnished the following note : — 
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1 a. is a species of Taxus very near to Taxus baccata in the structure gJ^j^J^ 
•of the wood. *<>»" »**»*»• 

3 c. Cupre88oxi/lon, type of Thuja or Cupressus. Like No. 3 of Mr. 
BelVs collection. 

4 d. Coniferous wood, obscure, probably some species of taxine tree. 

2 a. Mineral charcoal from brown coal of Edmonton. This is Coniferous, 
Cypress or Thuja, and not unlike 3 c. It may be the wood of a tree 
allied to the American cedar. 

All the above are modern American types of wood, and may probably 
be Tertiary. 

Dr. Hector divided the Cretaceous strata of the prairies into an upper, 
middle and lower group, and in the latter he placed the Rocky Mountain 
House and Edmonton coal series, at the same time remarking : ^^ In my 
next and lowest group I have (with great hesitation) classed the large 
deposits of coal or lignite of the prairie country, that are sufficiently com- 
pact to be of value as fuel, but which have hitherto been generally classed 
as of Tertiary age." 

There is no doubt that in British Columbia, as shown by Mr. Richardson 
in his last report — (Report of Progress, 1862-63,) the coal seams belong 
to the lower part of the Cretaceous series and are overlaid by more than 
4,000 feet of strata holding Inoceramiy Ammonites^ Bacidites and other 
marine Cretaceous fossils. 

Should there prove to be a similar arrangement of the formations in the 
Saskatchewan Valley it would very greatly enlarge the area over which 
workable seams of coal may be expected to occur. The boring at Rat 
Creek now in progress, together with those proposed to be made at Fort 
Pelly, Carlton and Victoria, will probably settle this very important 
question. In the vicinity of Fort Pitt and thence, wherever sections 
occur, the whole distance to the Elbow, similar Cretaceous clays with Sep- 
tarian nodules are seen. 

At the Elbow the river leaves the eastern limit of the third or upper- l^rtTucome 
most prairie level formed by the Eagle Hills on the south side, and by the 
Thickwood Hills on the north side of the valley, and making a sharp 
bend to the north-east more or less parallel with the trend of the 
eastern slopes of the hills named, it flows across the second prairie level, 
making for the nearest point of its eastern limit, which it reaches about 
forty -five miles below Fort k la Come. Between the Elbow and this point? 
and especially below Carlton, the immediate banks of the river are either 
low and flat, or rise in well wooded slopes, broken into more or less 
rounded hills and ridges, or shewing a succession of terraces, to the prairie 
level, some 200 or 300 feet above the river. 

In a few places, especially at Cole's Falls, and for short distances both coiee Fails, 
above and below Fort k la Come, the valley closes in and high cli&s rise 
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steeply fronf the waters edge nearly to the prairie level. They are, however^ 
all of drift, consisting of gravel underlaid by sand and clay in which there 
are occasionally seen one or two layers of imbedded boulders of Silurian 
limestone, gneiss and dioritic, probably Huronian rocks. The average 
level of the plains here above the river, and at some distance back, does 
not probably exceed 300 feet. After leaving the eastern limit of the 
second prairie level the river banks rarely rise to an elevation of fifty feet 
above the water, and the adjacent country is everywhere low and swampy 
Swampy conn- and Scarcely elevated at all above the flood level of the river, the marks 
of which were occasionally observed on the trees and bushes some eighteen 
inches or two feet above the surface, which consists of a deep, rich allu- 
vial silt of a greenish-grey colour, a mixture of fine sand and clay. Simi- 
lar low swampy country everywhere intersected by water channels extends 
with but few intervals to Cedar Lake, at the entrance to which ledges of 
buff-coloured Silurian or Devonian limestones first make their appearance, 
suarian and They are, however, in all probability, close beneath the surface over the 
TockB. whole of the great alluvial delta of the Saskatchewan which may be said 

to extend from Cedar Lake for a distance of 160 miles westward to the 
base of the hills marking the eastern limit of the second prairie level 
which, as already stated, crosses the river about forty-five miles below 
Fort a la Come. Sir John Richardson says that the Silurian strata are 
again seen in Beaver Lake immediately north of Pine Island or Cumber- 
land Lake, and again at the Methy Portage and along the valley of 
Beaver River, which is about ninety miles north-westerly from Carlton. 
At the Methy Portage they are overlaid by bituminous shale, the age 
of which has not been ascertained. 
Cedar Lake to From Cedar Lake to the mouth of the Saskatchewan in Lake Winni- 
peg, these Silurian rocks are either at the surface or only very thinly 
covered by soil or drift. They are well exposed in vertical clifis at the 
Grand Rapids, and they likewise, as I have already stated, occupy much 
of the western shores and many of the islands in Lake Winnipeg, and 
extend 350 miles south-easterly to Fort Garry. Some of the beds 
would I think afford good slabs for lithographic purposes, as well as inex- 
haustible supplies of excellent building stone, while from others a rich 
harvest of fossils awaits the collector. 

On the shores and islands of Lakes Winnipegosis and Manitoba, some- 
what similar buff-coloured limestones holding Devonian fossils are des- 
cribed by Professor Hind. He says, " At Flat Rock Bay, limestone of 
Extract from Devonian age is seen on the south side. Some of the layers are highly 
i^^ind B fossiliferous and hold numbers of Atrypa reticularis and A, asperis. The 
stems of crinoids are common but the species are very few. The rock is 
nearly horizontal and the general dip south-west at a very small angle, 
but many slight undulations occur giving an inclination of equal exteat in 
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nn opposite direction. The exposure in the bay is ten feet high worn into 
<jave9. The colour is a pale buflf with some reddish-brown layers. Fucoids 

are abundant and become when weathered yellowish-bufF." " The 

rock exposures on Snake Island are very interesting, not only on account 
of the fossils they contain, but in consequence of the evidence they afford 
of a slight upheaval so rare in the present disposition of the rocks of this 
region. 

" The exposure at its highest point does not exceed twenty feet, but it 
is the centre of a low, narrow anticlinal running north and south nearly. 
The dip on the east side is S. 75^ E.< 18® ; and on the west W. 20° S. 
< 5®. The limestone is highly fossiliferous, beautifully stratified, very 
hard and bituminous. It holds abundance of Atrypa reticularis^ Tellina 
ovataj and fossils belonging to the genera EvLomphaluByProductuB^ Oompho- ^owiis. 
ceraSy OrthoceraSj Lituites ^Yfith trilobites, crinoids, &c. Mr. Billings thinks 
this locality unquestionably Devonian." 

We have then in this great low-lying region constituting the first prairie 
level, the greater part of which is occupied by the waters of Lakes Win- 
^ip^g) — Winnipegosis and Manitoba, and by the vast delta of the Saskat- 
chewan, — rising from beneath the Cretaceous rocks, the eastern out-crops of 
an extensive series of beds of Devonian and Silurian age, and it becomes an 
interesting question to determine how these eastern palaeozoic strata are re- 
lated to those of more ditturbed and altered aspect which 1,000 miles to the Ji^\^nJJ,d™l 
west, rise from beneath similar Cretaceous coal-bearing formations at the j^JmSoM.""^* 
sources of the Saskatchewan, and there form the eastern slopes and, I 
believe, many of the higher summits of the Rocky Mountains. We know 
at present little or nothing respecting the total thickness of this thou- 
sand miles of Cretaceous rocks ; neither do we yet know to what extent 
the marine beds which occupy the surface beneath the drift, from the 
100th meridian westward to about the 112th, may be underlaid by the 
supposed older fresh water deposits, mth their associated seams of brown 
coal and iron ore. 

The general scarcity and the poor quality of the timber over hundreds 
of miles of country bordering the two Saskatchewans render it, however, 
a matter of the very greatest importance in connection with the future 
settlement of a large portion of the ^^ Fertile Belt," and with the opening 
it up either by land or water steam transport to ascertain where and at 
what depth beneath the surface coal could be procured which would be 
available for domestic purposes, as well as for the supply of rsdlroads 
and steamboats. The almost universal covering of superficial deposits, 
already mentioned, the general flatness of the strata, and the comparatively 
few points where they can be observed in natural exposures, renders mere 
surface exammation of but little avail in solving this question, and to deter- 
mine it]borings will have to be made along the valley of the river between 
Oarlton, Pitt and Edmonton. 
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ConsideriDg how little definite infonnation we at present have respecting 
cor own great western coal-fields it may be interesting and useful to give 
here some extracts from the report of the late Professor James T. Hodge, 
on the coal mines of the Bocky Mountains, in Colorado, Utah, and 
Wyoming. The more so, as the coal seams which are now being largely 
worked in these mines undoubtedly belong to what may be regarded as 
only the southern prolongation of one vast and wide-spread coal bearing 
formation extending, with but few interruptions and with wonderful 
uniformity of character, from the shores of the Arctic ocean for thousands 
of miles along the eastern slopes of the Rocky Mountains: and there is 
consequently every reason to anticipate that Professor Hodge's observa- 
tions and remarks will be, in all important points, as applicable to the coal 
seams in the British portion of the region as they are to those in the 
United States Territories above named. And, so far as they have yet 
been investigated, this is found to be the case. 
ExtractB from Profcssor Hodge says : " All these coal nunes are found in a series of 

Profenor ° •' 

Hodge's report, sandstones and fire-clay probably of Lower Tertiary |age.* No lime- 
stones occur with these strata, and black slate is met with in smaU 
quantity only. The sandstones are generally somewhat fiiable in texture, 
and are often exposed in bold cliffs the faces of which have weathered 
in very irregular shapes, and frequently present deep holes and caver- 
. nous depressions. Its colour is from a light yellowish to reddish- 
brown, and sometimes grey. In places it is sufficiently sound and firm 
to make a good building stone. The fossils it contains are chiefly 
leaves of deciduous trees. No ferns and other fossil plants are found 
in the formation like those common to the true coal measures. The 
black slates forming the roof of a coal bed at one locality in Wyoming 
Territory are found filled with fossil unios, which, as the writer is 
informed by Dr. J. S. Newberry, are probably an undescribed species. 

Ftoo^cuytud Fire-clay is perhaps the predominant material of the formation. It 
occars in beds of great thickness, especially in Colorado, the summits 
and sides of some of the hills near the coal mines are partially 
covered with masses of brown iron-ore that have the appearance of solid 
ledges, but which were no doubt collections of clay iron-stone, left behind 
when the lighter materials of the strata containmg them were removed,, 
and converted subsequently by atmospheric agency into those brown 
hydrates. 

" The coal beds are often of great size, the largest now worked being 2& 

Thick coal or 27 fe3t thick. This is on Bear River on the eastern border of Utah. 
For the most part they are remarkably free from impurities, it being not 
rare to see a face of eight or even ten feet of clean coal of brilliant 



leaau. 



• By Dr. Hayden's report of 1871, they appear to be Cretaceous or a transition series be* 
tween the Cretaceous and Tertiary. 
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lustre, perfectly sound and solid in the mine, without a particle of slate 
or any visible foreign matter that would injure it. Iron pyrites, however? 
may generally be detected in small flakes, and thin disks but very rarely m 
sufficient quantity to be injurious. Mineral resin is a common ingredient Mineral lesin. 
of the Colorado coals, and was met with at one of the mines only on the 
Union Pacific Raihroad, that at Carbon. The beds lie on an angle with 
the horizon, some are vertical, none were observed level. All the coals 
crumble soon after being exposed to the weather, but when protected 
they remain a long time unchanged as is shewn by a large lump in the 
possession of the writer, which he obtamed at a mine in Boulder County, 
Colorado, in 1863, and which is still sound. This tendency to crumble is ch«rtoterof 

' ' •'the ooals of Co- 

the cause of great waste at the mines, all the greater, that these Tertiary lorado. 
coals can scarcely ever be made to melt and agglutinate into a firm coke. 
With rare exceptions when submitted to the coking process they retain 
their form, or crumble into a dry powder. As seen by their analysis, 
they all contain water in their composition ; and this is very slowly g^ven 
up even at the boiling temperature. Its presence necessarily detracts 
from the calorific power of the coals, not merely by reason of the water 
taking the place of so much carbon, but by the consumption of more to 
produce the heat required to expel this water. Hence it is difficult to 
obtain a strong concentrated heat, such as is needed for welding iron in 
the forge-fire, and it is only by particular care and skill that the black- 
smitiis have generally succeeded in making it answer their purposes. At 
the machine shops of the Union Pacific Railroad, it is not yet admitted 
as a 'substitute for eastern bituminous coal, though some of these are 
brought from Pennsylvania mines about 2,000 miles distant, and the very 
best of the Rocky Mountain coals are obtained directly on the line of the 
railroad. As a fuel for locomotives and for domestic purposes, including 
cooking as well as warmmg, the coal in general, answers very well. It 
kindles and bums freely, making a bright fire with a yellow blaze and 
comparatively little smoke. The odor of this is not so strong or disagree- 
able as that of the bituminous coals, and somewhat resembles the smell of 
burning peat. The smoke is not always dark and thick, but is sometimes 
of light grey colour. The ashes are remarkably light and bulky. The -a^^*®"- 
engineers of the locomotives find that some varieties crumble more than 
others in the fire and sift through the grate bars. These require 
closer screens at the top of the smoke-stacks. They endeavour to obtain 
the coal as freshly mined as possible on account of its sounder condition. 
Clinkers sometimes form sufficientiy to be troublesome, when the coals are 
obtained from those mines that contain seams of slate. There have been 
a few cases of combustion of refuse heaps of coal, supposed to have 
occurred spontaneously. The presence of iron pyrites in coals so easy to iron pyrites, 
crumble and ignite as these, cannot fail to suggest this danger, and tiie 
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importance of guarding all heaps of it from becoming wet. It is not 
unusual in the Rocky Mountain region to meet among the strata of sand- 
stones, beds of ashes, wluch are evidentl; the ruins of coal-beds, some of 
which are of large size. The writer has seen many such on the banks of 
the upper part of the Missouri River. 

" The Geological position of these coals together with the considerable 
proportion of water in their composition, places them in the class of brown 
coals, or lignites which are for the most part distinguished by their fibrous 
structure and close resemblance to the wood from which they are derived. 
Other varieties are met with in various conditions of change, and amon[; 
them some that closely resemble the ordinary bituminous coals in their 
compact texture, brilliant lustre, and black color both of the coal and it3 
powder, thus differing entirely in appearance from the brown coals or 
lignites that give a name to the class. This is the general character of 
the coals of the Rocky Mountains, and their composition shows they are 
far superior in quality to what the name of the class would indicate. In 
deed they appear to be better than the best of the forei^ coals of their 
own variety ; and as they present a wonderful degree of uniformity over 
extensive territories, it seems they are really entitled to an appropriate 
name that should distinguish them not merely from the common bitumi- 
nous coals, but from the lignites also, to which they bear still less resem- 
blance." 

In commenting upon Professor Hodge's report. Professor J. P. Lesley 
ProSSwr i!m. remarks, " We can only invite attention to a few of its statements : 
^^- "1. To the notable percentage of water in the coals a? shewn in the table 

of analyses. 

" 2. To the vertical posture of the beds along the western margin of the 
field. This shows that the whole Missouri, Platte, Arkansas River basin 
country has slipped down eastward upon its foundation, the underground 
slope of the Rocky Mountains ; a phenomenon of the Alps as described by 
the Austrian Imperial Geological Surveyors, and of the Himalayas as 
described by the Geologists'of the British Indian Survey ; a phenomenon 
repeated along the eastern margin of the Cumberland Mountain bitumin- 
ous coal field in Western Virginia, where the fall back has been westward 
off" the underground rock slope of the Blue Ridges formation, and the 
horizontal coal measures are suddenly turned up vertically at a right 
angle for hundreds of miles in length, and only a mile or two in width. 

" 3. To the evidences of fresh water deposition of these western coala 
and also of their shore deposition ; .and as a consequence of this last, of 
their great irregularities in thickness, a 14-foot bed thinning, in a short 
■drift, down to eight feet and even to a few inches ; making the most scien- 
tific mining necessary, and offering a serious warning to the people of those 
States that they must hoard what they have with all their skill and care. 
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TVIr. Hodge's strictures upon the shocking and wicked waste going on in 
the magnificent 26 foot bed of the Evanston mines in Utah would, under 
any foreign government, call out immediate preventive legislation. 

" 4. To the fact that, as in the case of the Golden Range, Clear Creek 
coal beds, a most discouraging and in fact almost invisible out-crop may 
conceal at a depth of 50 or 100 feet a bed of coal ten feet or more in 
thickness. 

" 5. To the wonderful solidity and uniformity of some of these beds, (once 
despised as lignites}, their astonishing clearness and freedom from slate 
seams and ashy ingredients, and their portability on railroads, as in the 
case of the Marshall coal. 

" 6. To the real value of coal-measure iron ores, once carbonates, now iT^i^^***® 
hematites ; once locked up in clay strata, now released and covering the 
ground." 

The foregoing extracts are taken from McFarlane's " Coal Regions of 
America." 

DRIFT. 

In connection with the distribution of the mateiials forming the 
drift some noteworthy facts were observed. Blocks and often 
enormous rock masses of the buff or cream coloured Silurian limestone 
holding characteristic fossils are widely and abundantly distributed over SJuid^**^*^ ^^ 
the first and second prairie steppes. The ascent to the third prairie 
level, which has an average elevation of from 1,900 to 2,000 feet above 
the sea, commences at the Thickwood Hills, twenty miles west of Carlton, 
and on it the limestone boulders do not appear to have reached further 
west than the longitude of Fort Pitt, and between Pitt and Edmonton not 
a single boulder of limestone was observed, either along the Saskatchewan 
Kiver or pn the plains. On the river, above the confluence of the Brazeau 
— a large tributary coming in from the west about midway between the 
Mountain House and Edmonton — there are no boulders and very few 
pebbles of granite, gneiss or mica schist. At the Mounttun House, the 
pebbles and boulders in the drift which is there seen in contact with the 
coal-bearing rocks as well as those seen along the river bed are nearly 
all of eitlier coal measure sandstone or conglomerate, or of varieties of 
hard quartzose rocks, and though I searched carefully, I did not succeed 
in finding any of a granitoid or gneissic character. Small pebbles of grey 
and whitey-brown limestone holding fossils, but too fragmentary for deter- 
mination, were also observed, but by far the larger proportion of the 
pebbles and boulders in the river at Rocky Mountain House are com- 
posed of the hard siliceous rocks, and many of them are traversed by 
cylindrical forms, having all the appearance of the ScoliihuB^ of 
the Potsdam sandstone formation. It may further be stated that p^^s^**"* »Ji<i 

•^ stone. 



58 GEOLOGICAL SURVET OF CANADA. 

along with the disappearance in ascending the river of the boulders 
of granitic, gneissic and other crystalline rocks, the auriferous character 
of the drifts likewise dies out ; and I was credibly informed that no gold 
N^rth swkV ^^^^ ^^ found on the North Saskatchewan above Rocky Mountain House, 
ohewui. though it had frequently been prospected for by experienced miners. 
The first gold washings which we saw in descending the river were rather 
more than forty miles below the mouth of the Brazeau ; and thence to 
Edmonton, and for some miles further down, more or less gold has been 
found on the bars and in the river banks, but always in a very finely divided 
state, shewing evidence of having been transported from afar. Even as 
low down as Carlton, gold can I believe be found, though not in quantities 
sufficient to pay for working. On the South Saskatchewan, at the cross- 
ing place, about twenty miles southeast of Carlton, I washed out a few 
minute specks of gold from the gravel in the bed of the river, small red 
mf^fi^^D garnets with a considerable quantity of magnetic iron sand constituting 
^"^' the bulk of the residue in the pannings. It would thus appear that the 

gold of the Saskatchewan has not been derived from the mountains at its 
source, but from the drifts composed of granitoid gneiss, with hornblendic 
and micaceous schist, quartz and limestone, which are spread over the face 
orMnofthe of the country for hundreds of miles and which must have been themselves 
^ largely derived from the denudation of the great belt of Laurentian and 

other crystalline rocks which extends from the shores of Lake Superior 
north-westerly to the Artie sea. 

WEATHER, SOIL, TIMBER, ETC. 

During the whole journey, we were favoured with remarkably fine 
weather. On the outward trip, we were detained only one whole day 
by rain, and half a day from the same cause, on the homeward trip. 
We had a few wet nights, and snow fell on two or three days between the 
11th and 30th of September. The first frost was experienced on the 4th 
of September, when the thermometer at 4 a.m., registered 28° Farenheit. 
On the 6th, at 6 a.m., it registered 26°. The next frost occurred on the 
11th of September, the thermometer falling during the night to 20^ ^ 
and on the 23rd September, the thermometer registered during the night 
twelve degrees of frost. Thenceforward frosty nights were of pretty fre- 
quent occurrence, and on the 29th of October, the steamboats on the Red 
river were all frozen in. These, as I was informed, unusually early frosts, 
injured many if not all of the wheat crops on the Upper Saskatchewan, 
and also some of the potatoes that were stiU in the ground. 

The diying up of the country abready alluded to page 27 has been 

ascribed to various causes, but is generally supposed to be connected with 

Effegte of ppai- ^^^ gradual destructicn of the forests over large areas, by fire, diminishing 



Early frost 
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the rain fall. Whatever the effect may be of these destructive conflagra- 
tions^ m reference to the water supply of the region, there is no doubt that 
at different times almost every square mile of the^ country between Eed 
River and the Bocky Mountams has been subjected to them ; and that 
hundreds of miles of forest have thus been converted into wide and 
almost treeless expanses of prairie. After leaving the valley of the Assin- 
neboine, the second and third prairie steppes, on the route we travelled 
from Fort Ellice to Bocky Mountain House, may be said to be entirely soarcitjofgooa 
denuded of good timber. Between the Assinneboine and the English 
Biver 120 miles west of Carlton, or for a total distance of 400 miles 
neither oak, ash, elm, birch, pine or spruce trees were seen, and even the 
poplar are of small size, and suited for little else than- firewood. Around 
the Little Touchwood Hills Fort there is a small extent of forest in 
which the largest poplar trees attain a diameter of two feet, and in the 
same district there are also some fair-sized white birch trees. On the 
English Biver and thence westward, both along the banks of the Saskat- 
chewan and of the northern tributaries, spruce, pine and tamarack of 
small size are tolerably abundant. Along the river, above Edmonton, 
large spruce timber is plentiful, and is annually cut in considerable quan- 
tities and floated down the river, for the supply of the posts and settle- 
ments below, as far as Carlton. At about twenty miles below Carlton, 
and thence to Lake Winnipeg, the river passes through the more thickly 
wooded region, and spruce, pine, birch and tamarack are largely inter- 
mixed with the poplar which still forms the bulk of the forest. 

The greatest extent of uniformly rich soil in all this vast region is cer- character of ui& 
tainly to be found on the first prairie steppe. Its lesser elevation, 
probably in no part exceedixig 800 feet above sea level, renders it still 
more favourable for the cultivation of wheat and of other products liable 
to injury from the spring and autumn frosts which are prevalent on the 
more elevated plains. The general luxuriance of the vegetation, however, 
both on the second and third prairie levels over many hundreds of miles, 
at heists varying firom 1,500 to upwards of 8,000 feet, amply testifies to 
the exceeding richness and fertility of the soil. Even on the hills and 
ridges where for the most part somewhat Ughter and shallower soil prevails, 
and which might not be well suited for cultivation, there is with few excep- 
tions an abundant growth of the most nutritious grasses and herbs, on 
which all kinds of cattle thrive admirably ; while in low lying flats and 
swamp beds an abundant supply of the finest hay can readily be secured 
for winter fodder in case of need. At present, there are comparatively winteriDg^ 
few cattle in the country, and it is customary to house and feed them on 
haj during the wmter, the prevailing opinion being that they can not 
otherwise survive. There is, however, every reason to believe that this a 
mistake ; and that if a hardy race of cattle, suitable to the climate, were 
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The x>Ulii In- 
>diaiia. 



introdaetion of introduced, thej would speedily become acclimated, and not only be able to 
survive, but would thrive through the winter without the aid of artificial feed- 
ing and shelter ; and if so vast herds might soon be reared on these rich and 
boundless pastures, reanimating the now deserted feeding grounds of the 
buffalo, and becoming a source of large profit to the settler, as weU as 
affording a ready and cheap means of providing for the Indians who are 
now frequently reduced to the verge of starvation, owing to the annually 
increasing scarcity of the buffalo, upon which they are at present entirely 
dependent. I took some trouble to enquire into this subject, and though I 
found the prevalent belief to be as I have stated, yet I was informed of 
several instances of cattle having been lost in the fall, and in every case 
they had not only survived but had been recovered in excellent condition 
in the following spring. 

Such facts speak for themselves ; but in any case the question is one 
of such immense importance to the country, that I may perhaps be per- 
mitted to suggest here as deserving the consideration of the Government 
whether it would not be advisable to devote a sum of money for the pur- 
pose of thoroughly and practically testing it, and at the same time en- 
deavour to enlist the services of the Indians in the work. 

To convert the plain Indians into tillers of the soil might never be 
accomplished, but to induce them to undertake pastoral pursuits would, I 
conceive, not be attended with similar difficulties. Already they rear and 
tend large herds of horses, and there seems no good reason why, when 
the necessity of supplying themselves with food has arisen, they should 
not be induced to rear cattle also. At any rate the experiment is worth 
a trial, and may, I think, be said to offer a fair probability of success if 
carried out with the requisite intelligence and energy. 

With the exception of the limited extent of land which is cultivated at 
the Hudson's Bay posts and at the various mission stations, no cultivation 
has yet been undertaken on either of the higher prairie levels. We saw 
abundant proof, however, at Edmonton, Victoria, Pitt, and Prince Albert 
of the fitness of the soil and climate for the growth of cereals and of all 
kinds of vegetables, which can be successfully grown elsewhere, even 
under more favourable conditions as regards elevation and latitude. It 
would be impossible in any part of the world to see finer barley, wheat, 
potatoes, turnips, carrots, onions, and cabbages than those we saw grow- 
ing at Victoria, and at the St. Albert R. C. Mission Station, near 
Edmonton. Even at Rocky Mountain House, a hundred miles nearer the 
mountains and according to my observations 8,432 feet above the sea, 
barley, potatoes, turnips, and onions were being grown successfully, while 
on the farm of Mr. McKenzie, only 62 miles west of Fort Garry, the 
crops, which included wheat, barley, oats, rye, peas, beans (French and 
broad), potatoes, onions, carrots, swedes, turnips, mangolds, cabbages 
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and Timothy grass, would I believe compare favourably with the best crops 
of the same description grown in any part of Canada, or even in Britain. 

The returns given me by Mr. McKenzie of the following crops were, crop«. 
per acre: Wheat, 30-40 bushels; oats, 60 bushels; barley, 35-40 
bushels ; potatoes, 300-400 bushels ; turnips, 600-700 bushels, and peas, 
20-25 bushels. Mr. McKenzie has 140 acres under cultivation, and no 
better or more practical illustration could be desired than is afforded by 
this &rm, of what the soil of these magnificent prairie lands is capable of 
when cultivated with intelligence and enterprise. 

Not many years ago the region we traversed was swarming with buffaloes ; 
now, their skulls whitening on the plain, and the deep worn and grass- {^^"^^J ^ 
grown tracks which traverse the prairies in all directions, are the only evi- 
dence of their former existence. Not a single buffalo was seen during the 
journey, and very little large game of any kind, only a few antelopes or 
coM, one moose and one red deer. Foxes, wolves, badgers, skunks, minks 
and beavers were seen or heard occasionally. Muskrats are very abundant in q iadnipe<u 
all the rivers and swamps, and swarm in the delta of the Saskatchewan. 
The officer in charge at Cumberland House informed me that he had last 
year collected and sent away 240,000 skins of these animals. On the 
prairies the little " gopher ** or ground squirrel, (Spermophilus Franklini^) 
is almost equally abundant. It is about the same size or a little larger 
than the Canadian chip-munk, and its habits appear to be similar to those 
of the prairie-dog of the southern prairies. Like them they live in 
colonies underground on the open treeless prairies, and are generally seen 
sitting erect and motionless on their hind quarters either perched on the 
hillocks or in the grass near their burrows, into which they quickly 
disappear at the least alarm. Their skin is of no value, and, except foxes^ 
they have few enemies to contend with in the '^ struggle for life." Moles, 
judging from the large earth-mounds thrown up by them over extensive 
areas, though we did not see any, must be almost as numerous as the 
^' gophers." The moles seem invariably to select the tracts of deep rich 
black soil, and the marmots and badgers the intervening dry, sandy and 
gravelly ridges, so that between them the greater part of the surface is 
more or less burrowed, ridged and furrowed ; and where this is the case 
the prairie, which would otherwise be as smooth and even as a lawn, 
becomes not only exceedingly rough and unpleasant to travel over on 
wheels, but also very dangerous to horsemen, and often fatal to the 
wooden cart-axles. 

Of feathered game we could always procure while on the plains as much ^i^^^ 
as we required. From Red River to Rocky Mountain House prairie 
chicken (^Tetrao phaiianell is) abound; ducks of various kinds swarm 
upon nearly all the lakes and pools, and geese are frequently seen 
especially on the saline lakes- The geese are, however, not easily 
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approached, and without a good dog to bring them out of the 
water neither geese nor ducks when shot can be secured, except 
by wading through the broad belt of mud and high reeds by which 
nearly all the lakes are more or less encompa<)sed. Cranes, bitterns, 
plovers, sand-pipei^, snipe and other waders, as well as pigeons, black, 
birds, larks, and a number of other small birds, are plentiful on 
the prairies, or in the swamps, or along the river valleys, and crows 
and several kinds of hawks are very common. On our passage down the 
river in September and October large flocks of " wavys," grey, and black 
and white geese, and of the large blue cranes, were frequently seen flying 
southward, generally at a great height ; a few wild swans and pelicans 
were also seen passing in the same direction. Between Fort Pitt and to 

Hagpiee. ^ear the elbow of the north branch a good many magpies were seen along 
the river, but none were observed elsewhere. I am told that these birds 
are very common on parts of the Qu'Appelle River and of the South 
Saskatchewan, but I believe they are not met with eastward of Red River. 
West of Cumberland, or Pine Island Lake, in the great delta of the 
Saskatchewan, numbers of large white owls were seen sitting perfectly 
motionless, perched either on boulders or snags, or on some of the many 
small patches of bare sand just appearing above the level of the surround- 
ing waste of water and swamp which was here seen stretching on all sides 
as far as the eye could reach. 

ruhw and their There are very few fishes of any description in the Saskatchewan above 

distribution. . n 

its confluence with the South Branch ; but from Fort k la Come down- 
wards to Lake Winnipeg, sturgeon, white-fish (^Coregonus alhus)^ and 
other excellent varieties are abundant. So far as I could ascertain there 
are no fishes at all in any of the numberless lakes and pools on the 
prairies between Red River and Carlton. West and north-west of Carlton 
and EdmontoBP, however, and in most of the lakes, many of them of large 
size, along the watershed between the Mackenzie and the Saskatchewan, 
white-fish are said to abound. Jack-fish Lake, described pages 33, 34, and 
Lake St. Anne, are two of these lakes in which they are annually caught 
in large numbers. Many of the lakes which we passed between Fort 
Ellice and Carlton, especially some of those in the Touchwood Hills, seem 
to be as well suited for fish as others do where they abound, and the 
cause of their partial and irregular distribution in the country is not very 
apparent, though perhaps a careful investigation of the character of the 
water in the difierent lakes would afford a satisfactory explanation of the 
circumstance. 

Alfred R. C. Selwtn. 
Montreal, May, 1874. 
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MEMORANDUM ON WESTERN COALS, IRON-ORE, &c., 

BY 

BERNARD J. HARRINGTON, Ph.D., 

CHEMIST AND MINERALOGIST TO THE SURYET. 

Six specimens of coal were examined with the following results : * 

1. A bright black coal, breaking with angular fracture and giving a 
brick-red ash. Two proximate analyses by slow and fast coking gave — 

Slow coking. Fast coking. 

Water 7.82 7.82 

Volatile combustible matter... 31.35 38.00 

Fixed carbon 64.97 42.26 

Ash 5.86 6.93 

100.00 100.00 

2. This specimen differed in appearance from all the others, having a 
somewhat greasy lustre, and breaking with a conchoidal fracture. It 
contained — 

Slow coking. Fast coking. 

Water 11.81 11.81 

Volatile combustible matter... 32.75 36.58 

Fixed carbon 53.26 49.40 

Ash 2.08 2.21 

100.00 100.00 

(The powder was not at all fritted. Ash bright brick red.) 

3. A dull black coal with marked planes of bedding and cleat, and 
containing much mineral charcoal. Two analyses gave~ 

Slow coking. Fast coking. 

Water 10.90 10.90 

Volatile combastible matter... 28.69 36.22 

Fixed carbon 54.96 47.84 

Ash 6.45 5.04 

100.00 100.00 

On exposure this coal cracks and falls to pieces. The powder was 
not fritted by either slow or fast coking. Ash brownish-grey. 

4. Similar in appearance to No. 8 and containing — 

Slow coking. Fast coking. 

Water 12.93 12.93 

Volatile combastible matter... 26.80 34.12. 

Fixed carbon 62.28 44.95 

Ash 7.99 8.00 

100.00 100.00 



* See page 49. 
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By fast coking a few particles were slightly sintered together. Asb 
light grey. 

5. A bright black coal, with irregular fracture, and showing thb 
veins of calcite, and occasionally also of pyrites. Probably from the^ 
same seam as No. 1, but containing more earthy matter. It contained— 

Slow coking. Fast coking. 

Water t 7.50 7.50 

Volatile combustible matter... 31.46 37.06 

Fixed carbon 51.19 45.48 

Ash 9.85 9.06 

100.00 100.00 

The powder was very slightly fritted by fast coking. Ash greyish-red, 

6. Similar to No. 3. Analysis gave — 

Slow coking. Fast coking. 

Water 11.09 11.09 

Volatile combustible matter... 28.33 32 49 

Fixed carbon 53.25 49.40 

Ash 7.33 7.02 

100.00 100.00 

As with No. 4, a few particles were slightly sintered together. Ash 
pale grey. 

These coals may all be classed as brown coals, although in physical 
characters all but one (No. 2) resemble bituminous coals of tiie true 
Carboniferous. Numbers' 1 and 5 come the nearest to bituminous coal^ 
but still contain a considerable proportion of water, and commamcate a 
deep brown color to a solution of caustic potash. Numbers 2, 3, 4, and 
6 seem all to crack and fall to pieces on exposure, while numbers 1 and 
5 are but little affected. For this reason the former are not well suited 
for distant transportation, and should be employed as soon as possible 
after mining. On the other hand, numbers 1 and 5 could be stored for 
any reasonable length of time, and are best suited for transportation. 

Regarded as brown coals, they may all be considered the best of their 
kind. 
Clay 5roii-or£«. Three samples of the clay iron-ores from Edmonton were assayed by 
Mr. C. Hoffmann, and gave an average of 34.98 per cent, of metallic 
iron. They seem to be rich and valuable ores, and are all carbonates^ 
with an external coating of hematite. 

A sample of the soap clay from Edmonton (see section page 38) was 
analysed by Mr. Hoffmann, and gave — 

Silica 36.48 

Alumina 13.48 

Protoxide of iron 1.80 

Lime 2.03 

Magnesia 0.66 

Water, (loss by ignition) ^ 44.32 

98.78 



Eoxp c:»7' 
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Alkalies were not determined though they probably make up the deficit. 
The material was not dried, but analysed in the moist condition in which 
it came from the bed. Its colour is pale greenish-grey ; consistence that 
of soft dough ; unctuous : when rubbed on the hand with a little water 
has a soapy feel, and ^possesses detergent properties ; readily parts with 
its water, even at the ordinary temperature of the atmosphere. After 
drying at 100"* C. may be reduced to an almost impalpable powder, which 
on being moistened with water, assumes all its original physical characters. 

B. J. HARRINGTON, 

Montreal, May, 1874. 
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REPORT 

ON THE COUNTRY BETWEEN 

RED RIVER AND THE SOUTH SASKATCHEWAN, 

WITH NOTES ON THE GEOLOGY OF THE REGION BETWEEN 

LAKE SUPERIOR AND RED RIVER 

BY 

MR. ROBERT BELL, C.E., F.G.S, 

ADDRESSED TO 

ALFRED R. C. SELWYN, ESQ., F.R.S., F.G.S., 

DIRECTOR or TBI GBOL06IOAL BURY ST. 

Sir, — Having been entrusted by you, last TFinter, with the duty of 
General ins- Working out the Geology of the coal-fields of the Saskatchewan Valley, I 
proceeded in the Spring by the Canadian rente to Fort Garry, where I 
met you in July and received your instructions for the summer's opera- 
tions. 
GeoioTf of The central portion of the Canadian route from Lake Superior to Red 

toBedSver' * River had not previously been examined by any officer of the Survey. I 
therefore took care to ascertain as well as circumstances permitted the 
geology of this section, and the results of mj observations will be found 
in this report. 

In addition to your general instructions to work out the Geology of the 
region westward from Red River as far as the 108th meridian, or a short 
Written Ins- distance beyond the elbow of the South Saskatchewan, on reaching Fort 
Ellice I received your detailed instructions in writing, as follows : 

" Fort Ellice, 6th August, 1873. 

" Sir, — In candying out the Geological Exploration which I have re- 
quested you to undertake this season, you will have the goodness to be 
guided by the following general instructions. 
Limits Of expio- 1. You will uot procccd westward of the 108th meridian, as shown on 
Palliser's map, a few miles west of the elbow of the South Saskatchewan 
River, nor to the south of the fiOth parallel of latitude ; and unless yoa 
should find it necessary to visit Fort Carlton, do not cross the South 
Saskatchewan. 
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2. The valley of Long, or Last Moantain Lake, should be examined Last Monntaiv 
and surveyed, and the nature of its connection with the South Saskatche- 
wan Valley determined. The same would be desirable as regards the 

valley of the Qu'Appelle River by Sand Hill Lake. 

3. It will also be desirable to examine and make such surveys as time Qu'AppeUe 
and opportunity permit, and the character of the creeks themselves 
appear to warrant, of as many of the other tributary streams, and of the 

lakes both north and south of the Qu'Appelle River, as possible ; selecting 
for the purpose those streams which run in the deepest cut channels, and 
in which rock exposures may therefore bo expected to occur. In the 
event of there being no natural rock exposures, it may perhaps be practi. 
cable to ascertain the character of the strata where the sides of the valleys 
are steepest by a small amount of excavation, in which case ic would be 
very desirable to do so. 

4. The positions of all the principal lakes met with should be approxi- Lakes, 
mately determined, and the character of the water in all noted, also 
whether they have permanent outlets, or are exhausted only by soakage 
and evaporation. Samples of the salt or soil in the beds of the lakes 
should be collected, and a gallon or two of the water might be evaporated, 
and the residue preserved for examination. 

5. As regards the collection of other specimens and of facts bearing on specimens and 
the geological structure, physical features, climate, soil, timber, &c., of 

the region, your experienoe in making such observations renders it un- 
necessary to give you any special instructions, as you will of course attend 
to these matters as fully as the time and means at your command will 
permit. 

6. Sites, the most suitable as regards water, timber, and position, should sites for bor- 
be selected and noted for future boring operations. 

7. You will be careful to procure an experienced Indian or half-breed ^^**» «^w«- 
guide either here or at Fort Qu'AppeUe, sufficiently well acquainted with 

the Indians you are likely to meet with to be able to communicate with 
them, and to explain your object in visiting the country. You will of ^'JJ*^"^*^^. 
course be extremely careful to see that none of the members of your party ^^*'"- 
do anything likely to offend or irritate the Indians, and, should any visit 
your camp, it would be advisable in all cases to conciliate them by some 
small present of provisions or such other stores as you can spare. To avoid 
all risk of collision do not allow the members of your party to visit their 
camps or to hold any unnecessary intercourse with them. 

8. As bases of operation you will have the H, B. Co.'s posts at Fort starting points. 
EUice, Qu'Appelle River and Touchwood Hills, Should you find that a 

canoe or boat would be useful, you could probably procure one at 
Qu'Appelle. 

9. In paying for wages, supplies, &c., you can give orders on Mr. Finances. 
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Mencken, Wmnipeg, whicb I bare arranged to be duly honored by the 

oflicerB m charge of the H. B. Co. 'a posts within the region yon are about 

to explore. 
jotfiMi. iQ^ j^ regular itmeraiy and journal should be kept, shewing distance 

Bwoneter tad tniTelled, time on the road and in camp, kc, &c. Daily readings of 

the barometer and thermometer should be recixded at 9 a.m., 3 p.m. 

and 9 p.m., especially when on lakes or encamped for several days in the 

same place. 
xHiritioii of XX. You will carry on the exploration within the limits indicated as late 

exploration. •'^ \ 

m the season as posable, allowing yourself sufficient time to retam to 
Winnipeg before the close of navigation and trayel via Lake Superior. 
DtaDOMi of Should I reach Winnipeg before you do, I shall wait your arrival. If yoa 
get in first, you will make the best arrangements you can for the disposal 
or safe custody, as the case may be, of your horses, carts and other 
equipment, with a view to further operations next season, probably in 
the yicinity of Edmonton. The members of your party proceedbg to 
Canada, should return at once via the Dawson road if stiD open. 

12. In conclusion, I would wish to remind you, inasmuch as the greater 
part of the region to which yonr operations will be confined has already 
p»niw>r'# and been generally explored and reported on by Captain Palliser and by Mr 
2oM.****'^'*'H. T. Hind, that detailed observations and surveys are now required, 
rather than a general and hasty examination of a large area, which would 
probably not enable you to give much information not already available in 
the published reports and maps of these able explorers. 

I have the honor to be, 

Sir, 

Your obedient servant, 

ALFRED R. C. SELWYN. 
ROBERT BELL, Esq., C.E. F.G.S. 

Geological Survey of Canada. 



I also received your supplementary instructions, dated 7th August, in 
ontrding which you direct us, in the event of our horses being stolen by Indians, 
hones. ^q^; jq attempt to fight the latter in order to recover them, but in prefe- 

rence, to offer a reward for their return ; and also to keep watch at night, 
chan^g the guard every two or three hours. 

We endeavoured to carry out all the foregoing instructions. In ref^ 

LMtMonntoia T^^^<^^ ^ ^^^ second head, however, on reaching Last Mountain Lake we 

^•*«« found no appearance of rock in situ^ and we were credibly informed bj 

those intimately acquainted with the whole lake that none was to be seen 
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upon its ahores. Instead of curving north-westward or towards the South 
Saskatchewan, as represented upon the map referred to, it appears to 
curve north-eastward or away from it, and I could hear of no kind of con- 
nection between the lake and this river. The lake is about fifty miles in 
length. No boats or canoes were to be had in which to carry on a survey, 
and even had they been procurable, the whole of the remainder of the 
season available for work would have been consumed in making a survey 
of such magnititude. But had it been ever so desirable to make this 
survey an insuperable obstacle presented itself in the fact that no arrange- 
ment had be sn made by the government with the Indians to allow of ^^^^^ ^p'^,' 
surveys being prosecuted, and we found them very jealous of their right, 
and opposed to all kinds of surveys, and even explorations, especially 
when they had any thing to do with rocks or mines ; ^^ for," as they 
remarked to me, '^ if our lands are barren and we have nothing to fear 
from the encroachments of the farmers, we are afraid of the minora. White 
men come further for gold than for com." They eventually compelled us 
to turn back and leave their country, which we did peaceably, as we were 
instructed on no account to come into collision with the natives. 

As it happened, our time proved to have been well spent after leaving 
Last Mountain Lake, inasmuch as we discovered numerous workable Diflooverimot 

. lignites and 

seams of lignite and also the existence of deposits of clay iron-stone in iron-stones, 
localities far removed from any in which these minerals had been previously 
reported ; and also gathered much useful geological and other information 
n referenc to the country lying between the Qu'Appelle and South Sas- 
katchewan and the United States boundary line. 

From Red River Westward. 

I arrived at Fort Garry on the 17th of July, and some days were 
consumed therd in obtaining horses, carts and supplies. We left again 
for the west on the 25th of the same month, my party consisting of ptrty. 
Messrs. Geo. F. Lount (who had assisted me during the two previous 
seasons), J. C. Young, Neil Campbell, John Allen, W. G. Armstrong 
and T. F. O'Brien. 

In the arrangemant of this report, I propose in the first place to give ^"J2«gJ*®"i 
a brief sketch of the route followed, both in going and returning ; then 
to describe, consecutively, what we saw in the districts examined, and in 
conclusion to give a rimmi of the purely geological results of the expe- 
dition. 

As our object, in following out your instructions, was to reach the Route fouowed 
Valley of the '* Qu'Appelle " or Calling River and South Saskatchewan, 
and the country lying to the southward, we pushed on as quickly as pos- 
sible to Fort Ellice, following the trail north of the Assineboine by way 
of Prairie Portage and Pine Creek. A short distance west of Fort ^o^ Einoe. 
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EUice, we descended to the bottom of the valley of the Calling River 
and followed it all the way to the Hudson's Bay Company's post 
at the Fishing or Qu'Appelle Lakes, in order to have an opportunity of 
seeing any rock exposures which might occur in the banks of the river 
itself or in the ravines intersecting them. From Fort Qu'Appelle, where 
we secured the services of Mr. Charles Pratt, a native missionary, as 
guide, we still followed the bottom of the valley, westward, except at a 
few places when it became impossible, as far as the outlet of Last 
Mountain Lake. Here we ascended to the prairie on the north side 
of the upward continuation of the Calling River, and which is known 
as the Big Arm River, and kept a nearly straight course to Sand Hill 
Lake, having in the interval touched the Little Arm River, which enters 
the west side of Last Mountain Lake. From Sand Hill Lake, we fol- 
lowed the valley of Big Arm River to the height of land, and thence down 
a small bpok, which flows westward in a continuation of the valley of Big 
Arm River, to the elbow of the South Saskatchewan River. We next 
turned south-westward, intending to visit the Swift Current Creek, and if 
possible the Cypress Hills, for the purpose of examining the coal which, 
we were informed, occurs at these localities, but we had only proceeded 
forty-five miles, when we were met by large numbers of Indians who 
compelled us to turn back. We, therefore, proceeded with the exammation 
of the remainder of the region assigned to us, lying to the south of the 
Calling River. Starting from a point on the south bank of the South 
Saskatchewan, our route was south-eastward past the northern extremity 
of the Old Wifes' Lakes and thence to the Dirt Hills. Here I left the 
party encamped and started on horseback with Mr. Pratt as guide, to 
make an examination of the Woody Mountains, which lie about sixty 
miles to the south-westward. On rejoining my party, we left the Dirt 
Hills, and reached the site of the old Qa'Appelle Trading post, from 
which, Mr. Lount and I proceeded to Fort Eilice, by way of the Little 
Touchwood Hills, while the rest of the party travelled by a direct rout^ 
to the same point. From Fort EUice, we returned to Fort Garry by a 
trail which keeps to the south of the Assineboine River, as far as ^^ The 
Rapids," below the junction of the Rapid or *' Little Saskatchewan'* 
River, where it crosses the Assineboine and joins the northern trail two 
miles west of Pine River. We reached Fort Garry on the 15th of 
October, and returned home by one of the Red River steamers to Fargo, 
and thence by railway via St, Paul and Chicago. 

Some sections of the country which we examined had been visited by 
Dr. Hector, of Captain Palliser's expedition, and by Professor Hind,but the 
greater part of it was unexplored either geologically or topographically, 
and was a blank on the best maps of our north-west territories. While 
taking advantage of the labors of these gentlemen, we did not follow in 
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iheir footsteps, but confined ourselves to new ground. Being aware that 
Mr, George M. Dawson, naturalist to the International Boundary Commis- JSlf™**^JJ[JL 
sion, would probably examine the country through which the line passed ^®y- 
its far as it might be run during the season, we avoided that section also, 
and had ample room for our labours elsewhere. 
The whole of the country which we explored is of a prairie character, Geneni cha- 

, ^ racter of oona 

with clumps of bushes and groves of trees in some parts. The greater try. 
part of it is hilly, and it is all so overspread with drift as to conceal the 
underlying rocks except at rare intervals. The exposures of the latter 
are mostly in the banks of rivers and ravines, and on the steep slopes of 
some of the higher hills, such as the Woody Mountains and Dirt Hills. A ^'**^- 
careful study of the drift itself is very important, both in reference to the 
distribution of the older rocks and the discovery of the useful minerals 
which they may contain. 

The valley of the Calling River is less than a mile in width and is very cauing ritof. 
uniform. The name of the river is said to be derived from the fact that 
the width of the valley is just about as far as one person can be heard 
calling to another. In ascending the valley the first rock in situ under Rocks in »>!«. 
the drift which we noticed was on the southside at the junction of Scissors 
Creek, about thirty miles from Fort EUice, and consistB of a considerable 
thickness of drab-grey shale, weathering to a light colour, exposed towards 
the top of the bank on projecting points, from which the wind and rain 
have removed the surface covering. The debris from these bluffs con- 
tains many fragments of yellowish-drab clay-ironstone, weathering nearly ironstone, 
black on the surface. They are derived from beds from two to three 
inches in thickness. The specimen which I brought from this locality is 
found to contain 23.72 per cent, of iron. At a point on the opposite side of 
the valley, about two miles north of the last, a section of about fifty feet 
of the same rock is exposed at the top of the bank. The dip is here 
southward at an angle of seven or eight degrees. Numerous fragments 
of ironstone, some of them six inches in diameter, similar to the last- 
mentioned, were observed in the material which had fallen from the cliff. 
There were also fragments of chert and of amber-coloured calc-spar. Simi- 
lar shales and also drab-coloured marls continued to be exposed on the 
same side for a distance of two miles further. The dip continued to be 
southward, but the inclination had diminished to five or six degrees. 
Small exposures of similar shale were seen in a few places all the way to 
Koond Lake, but in going west the dip appears to change from south to 
east. In this part of the valley, wherever the wind or rain has carried 
off the lighter materials, the surface is found to be thickly strewn with 
small pieces of the black-weathering ironstone. 

The Qu' Appelle or Fishing Lakes lie in a chain in the bottom of the The Fishing 
valley, which, however, is not much wider where they occur than else- ^^^' 
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where. The lowest or first lake is about nine miles long, the second^, 
three, the third, six and the fourth, eight. They are separated from 
each other by strips of comparatively low land, which, in some parts, are 
thrown into terraces, showing higher levels of the lakes in former years. 
Fort Qu'Appelle, the Hudson Bay Company's post, stands between the 
second and third lakes, and is 140.28 miles from Fort Ellice by the 
course we followed. I should here mention that we ascertained our dis- 
tances by means of an odometer attached to an iron-bound wagon-wheel. 
We also noted the direction of each course which we followed. Round 
Lake and Crooked Lake, which occur on the course of the Calling River 
about midway between Fort Ellice and the Qu'Appelle Lakes, are similar 
to the latter, and measure about six and eight miles in length, respec- 
tively. The banks of the river all the way from its junction with the 
Assinneboine to " the Forks," or junction of the outlet of Last Mountain 
Lake, are pretty uniform in their height, which averages about 200 feet ; 
but the land often rises 100 feet higher a short distance back from the 
valley. The river is only from half a chain to a chain in width, and 
sweeps from side to side of the valley. Each principal curve comprises a 
great number of subordinate ones, closely crowded together, rendering 
the navigation extremely tedious. The current is swift, but there is no 
obstruction to the descent of small boats from the Qu'Appelle Lakes to 
the Assinneboine. The north bank and the bottom of the valley on the 
north side of the river are almost destitute of timber, while the south bank, 
with northern exposure, is generally well wooded. The banks are 
broken down into a multitude of peaked or more or less conical hills of all 
sizes, which are usually thickly strewn with boulders. The latter consist 
of gneiss, light-grey limestone, micaceous, dioritic and other schists, like 
those of the Huronian formation. Pebbles and small boulders of white 
quartz, apparently derived from veins, are also of frequent occurrence. 

From the Qu'Appelle Lakes westward to the Forks, the valley of the 
Calling River maintains the same character which it has below the lakes. 
The banks, especially in exposed situations, are strewn with boulders of 
the same kinds of rocks, and in addition to them, I frequently noticed 
small ones of compact pinkish-grey sandstone, usually well rounded. The 
bottom of the valley in this section was almost everywhere covered with 
a luxuriant crop of tall grass which was said to make excellent hay. 
North of the valley the prairie is of a rolling character and is interspersed 
with clumps of bushes. The soil is a drab-coloured gravelly loam with a 
black layer on the surface in the low lands. Boulders are abundant in 
some parts, while in others the surface is tolerably free from them. 

The outlet of Last Mountain Lake is about four miles from the Porks, 
or junction of the valley of the Big Arm River. The valley between 
these two points is from one half to three quarters of a mile in width, and 
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is 300 feet, by barometric measurement, below the general level of the 
surrounding country. At the time we crossed it, (20th August), it was 
quite dry and flat, there being no channel by which the water of the lake 
might flow to the Forks, but it may overflow the whole breadth of the 
valley early in the spring. At the foot of the bank on the east side a 
low ridge of bare worn gravel shews a former higher level of the water. 

In going from the foot of Last Mountain Lake to Sand Hill Lake we reSon°^ ^** 
passed over an open rolling prairie with ponds of fresh and of brackish 
water. The soil is a gravelly drab-coloured loam of poor quality, usually 
thickly strewn with boulders, which are particularly abundant in the 
valleys, or low grounds between' the hills, and around the dry beds of 
ponds. Sometimes also on the higher grounds the boulders are formed 
into low ridges with scarcely any admixture of soil. The valley of Little liy"* ^™* 
Ann River is between 200 and 800 feet deep, and along the bottom of it 
a strip of bright green wood, is sometimes seen, forming a pleasing contrast 
to the monotonous grey of the prairies above. This valley runs parallel 
to that of Big Arm River, and terminates on the west side of Last 
Mountain Lake. Both valleys form an elbow to the south, opposite 
to each other, and it is from this circumstance that they have been 
called the Big and the Little Arm River respectively. 

We had been informed that fossil bones and traces of lignite had fomii bones. 
been found at Sand Hill Lake, but on searching we could find 
neither. The clay at the bottom of the banks of the lake bore some 
resemblance to that just below the drift at the Elbow of the South 
Saskatchewan, and which appears to be of Tertiary age. 

As already mentioned, the valley of Big Arm River is continuous Xm®Lv«?**' 
with that of a small brook which runs westward into the South Saskatchewan 
at the Elbow. In approaching the height of land between them, the 
valley becomes wider, and the banks are much less abrupt, the plain 
sloping gently down from either side. The dividing point of the waters ^®*»**^o^^»* 
is marked by a low swelling across the bottom of the valley. About 
two miles and a half east of the height of land a low ledge of s»n<^ton«. 
sandstone is exposed below the bank on the north side of the valley. 
The rock is of a greenish-grey colour, weathering brown, and holds abun- 
dance of Avicula lingtkjeformUj but no other fossils were observed. 
It would therefore appear to belong to the Cretaceous period. The 
ledge is only about four feet high, but it is exposed for a distance of about 
fifty feet. The dip is due west at an angle of five or six degrees. 

The Sand Hills begin on the north side of the valley about twoTheSandHius. 
mOes west of Sand Hill Lake and continue for several miles. The 
exceptional abundance of sand at this locality is probably owing to the 
existence of beds of sandstone in the neighbourhood, since we observed that 
in these prairies, as everywhere else in Canada, the materials of the drift 
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are largely made up of the debris of the solid rocks immediately beneath 
or a short distance off in the direction from which the disintegrating force 
moved. 

The distance from Fort Qu'Appelle to the Elbow of the South 
Saskatchewan by the above route was found by the odometer to be 146 
miles, or from Fort Garry by our course about 606 miles. Professor 
Hind gives the distance as 548-41 miles from Fort Garry. Coal was 
reported to have been discovered at the Elbow, but after a careful search 
along the east side of the river from a point two or three miles below the 
Elbow to one about ten miles above it, we failed to discover anything bat 
loose pieces of lignite similar to that hereafter to be described as occurring 
at Dirt Hills, Woody Mountains and on the Souris River. The south- 
east side of the section of the river lying between twenty and forty 
miles above the Elbow was also examined, as well as the north-west 
bank at about thirty-five miles, without detecting any trace of coal or 

«'?*? uJnito' ^'S^'^*®' ®^ ^^^^ ^^ ^ probable that the beds from which the fragments above 
^>edB. alluded to are derived, exist somewhere within the first twenty miles 

above the Elbow. In this part of our journey we met with an intel- 
ligent Indian, who had acted as school master at the Mission at Touch- 
wood Hills. He informed us that he had seen lignite, like the specimens 
which we shewed him, in the north bank of the South Saskatchewan, a 
short distance below the junction of the Red Deer River and also a short 
distance above that stream. A tributary of the South Saskatchewan, 
called the Swift Current Creek, which is well known in this part of the 
country, bnt which is not marked on the maps, flows from the Cypress 
Hills and joins the river about halfway from the mouth of the Red Deer 
River to the Elbow. Lignite is reported to occur in large quantities in 
the banks of this stream, and I was presented with a specinen, of a 
good quality, said to have been taken from a bed in situ. Mr. Isaac 
Cowie of the Hudson's Bay Company, who had spent the winter before 
last among the Cypress Hills, informed me that he had seen much lignite 
cyprcM Hills, q^^ ^ jjjjj ^bout a mile and a half from the site of the Company's houses, 
Foeau bones, which have sincc been burnt. Large bones like those of the mammoth are 
said to be found on the surface at the White Mud River, a small tributary 
of the Missouri on the west side of the Cypress Hills. 

The distance from the Elbow of the South Saskatchewan to the foot 
of the Red Ochre Hills was found to be thirty-two miles. In this inter- 
val the banks were found by the aneroid barometer to average a little 
over 200 feet, while the tops of the Red Ochre Hills varied from 500 to 
550 feet above the river. This elevated ground stretches for a consider- 
able distance to the south and south-east, and presents an extremely hilly 
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position of appearance. The hills as far as can be judged from their outside appea^ 
ances, and the materials thrown out of the badger holes, are composed of 
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very gravelly earth, in which smooth pebbles of finely granular quartz 
predominate. These are mostly white, but some are grey, brown, pink 
and red, the latter often passing into banded compact sandstone. There 
are also pebbles of dark fine-grained diorite, light coloured limestone and 
some of dark fine-grained mica schist and of white translucent quartz, 
the last mentioned being often rough-surfaced. 

In this region, there are numerous ponds and small lakes in the hollows ^^^^^ 
among the hills, most of them being more or less brackish or nauseous to 
the taste from the presence of the sulphates of magnesia and soda and 
other salts. During the dry season of autumn, the water evaporates 
completely from many of these ponds leaving their beds covered by the 
dry white salts, which look like snow and are blown about in the wind. 
Around all the ponds, except those which become completely dry, there 
is a rank growth of reeds, sedges and grasses, the deep green colour of 
which forms a strong contrast to the dull grey appearance of the stunted 
and scanty grass of the hills, which indeed, in many places, are almost 
bare. 

On the west side of the Red Ochre Hills, land slides in the 
bank of the South Saskatchewan expose sections in the lower part of thest^^onpf 

* * marly clay. 

slope, of at least 300 feet of grey and drab marly clays with rarely a 
bed of soft sandstones two or three feet thick. The upper part of the 
bank consists of bouldery clay, sand and gravel belonging to the drift 
period. Some bands of the underlying marly clays are of a dark colour, 
owing probably to the presence of carbonaceous matter. On exposure to 
the dry air these clays become ^' heaved," much in the same manner as 
black loam when exposed to frost. In walking over a surface thus 
loosened one sinks to the ankles. This heaving action of the clay appears 
to be due to the efflorescence of the salts with which it is impregnated. 
It also contains numerous elongated crystals of seienite of the average crvstau of 
size of one's finger, which lie thickly scattered on the surface and glitter ^ ^^^' 
in the sun like broken glass. Along the edge of the river, below these 
high clay banks, there is exposed a coarse crumbling arenaceous rusty 
greenish-grey shale with irregular thin bands, and also patches, two or 
three feet thick and several yards wide, of greenish-giey sandstone full of 
Avicula linguceformis, the same fossil which is so abundant in the sand- sandstone with 
stone near the height of land at the head of Big Arm River. The shells 
are well preserved, and retain their white pearly character. A 
single specimen of BaculUes was also found, containing within it 
several shells of the above mentioned Avicula. A specimen of clay- 
ironstone, apparently derived from the shale contains a single valve of 
J!}ioceramus* On the face of one of the clay banks at this locality an 
angular piece of silicified wood, Ajoot long, was found. From microscopic 
examination, Dr. Dawson thinks it belongs to a spieces of pine, but the 
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minute structure was found to be less perfectly preserved than the out- . 
ward appearance of the specimen indicated. 

From a point on the south-east bank of the South Saskatchewan, about 
forty miles above the Elbow, we followed a south-easterly course to the 
northern extremity of the most northern of the Old Wife's Lakes, which 
we reached at twenty -four and a-half miles from the river bank, according 
to our odometer measurement. These lakes are three in number, and 
appear to lie in a chain running about N.N.W. and S.S.E. They are 
said to be connected with each other by narrow straits, and to have a total 
length of thirty or forty miles. The middle lake receives a stream called 
the Old Wife's Creek, which flows from the direction of the Cypress Hills, 
but none of the lakes have any outlet. The water is very clear and extreme- 
ly nauseous to the taste. There is a considerable quantity of white salt 
around the shores in the dry season, a specimen of which is found to con- 
sist of 

The country around the northern extremity of the Old Wife's Lakes 
is not so hilly as tbat between this point and the Saskatchewan. 

Leaving the north end of the Old Wife's Lakes, we kept as nearly 
straight a course as possible to the north-eastern point of the Dirt Hills, 
which we found by^the odometer to be eighty-six miles distant. In this 
interval the surface is generally of a rolling character, and the soil in the 
valleys and more level parts appears to be derived directly from clays 
like those exposed in the high banks of the Saskatchewan at the point 
where we left it. However, pieces of clay-ironstone were found upon the 
surface of these clays. The higher grounds are occupied by gravelly 
earth with boulders. The clayey ground in this part of the country is 
rendered " hummocky " and difficult to travel over by carts, owing to the 
fissures produced by drying in former years. These fissures divide the 
ground into spaces, usually five-sided, from one to two yards in width. 
The edges of the fissures, by falling in, have gradually converted 
the intervening spaces into dome-shaped mounds which are hard and un- 
yielding. These principal hummocks are again divided by minor fissures 
of more recent date. This kind of surface extends alike over the flat 
bottomed hollows and low swelling hills. In the country inhabited by the 
bufialo, the surface is roughened in another way ; namely, by the tramping 
of the animals when crowding round the shallow ponds to drink. When 
the ponds have completely dried up and the ground has become hardi 
these places are so rough that they require to be carefully avoided when 
travelling with carts. 

The Dirt Hills are a conspicuous north-eastward projection of a range 
of hills running from the Old Wife's Lakes south-eastward to the Long 
River (a branch of the Souris) and forming a sudden rise from the prai- 
rie lying towards the Assinneboine River. In going from the northern 
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■extremity of the above lakes to the Dirt Hills, we touched upon another 

northward projection of the same rise at exactly half the distance between Projecuon of 

these localities. This rise or '^ coteau " consists in reality of the ruins 

of an escarpment, and its broken and irregular character is due to the 

softness of the rocks of iihich it is composed. Above or to the south ofHi"yco»n*«T' 

this rise, the country is extremely hilly, interspersed with ponds and small 

lakes of fresh and bitter water, and destitute of wood. The hills appear 

to be composed of gravelly earth with boulders resting upon clays similar 

to those last described. The grass is short and sparse, and occasionally, for 

miles, the surface consists of almost bare gravel and boulders, the latter _ 



After consist of, on line 15, page 76, read, sulphates of lime and magnesia 
with smaller quantities of carbonates of lime and magnesia and soluble 
chlorides. 






tance into the plain. The strata in this locality appear to be about 
horizontal, but in the great masses detached by the land-slides they Fait<e dip. 
are tilted np to various angles as high as 45^, the slope being to the 
south- westward ; while the undermining force has evidently acted from 
the north-eastward. The large surfaces of bare and often muddy clay 
which are here exposed, contrastmg with the grassy or gravelly prairies, 
have probably given rise to the name which these hills bear. Three of 
the bluffs formed by the land-sides are conspicuous at the north-eastern 
extremity of the Dirt Hills. They all contain beds of lignite, but 
their out-crops are almost concealed from view by the sandy clay which has 
been washed from above, and the whole of the face of a bluff in dry u^^jj^^^eds** 
weather has a whitish appearance. Four seams crop out in the lower 
half of the middle bluff, which were found to measure, counting from 
the bottom, six, four, three and five feet respectively. In a smaller hill 
close by, there is a band of intermixed lignite and clay, seven feet in 
thicknesss. In some parts it is nearly pure lignite and in others largely 
made up of clay, shewing its qualities to be very local. The more solid 8?*{}^^ ^ 
parts of the lignite in most of the beds consist of dark brown half- 
carbonized wood which appears to be mostly of coniferous species. When 
newly dug, the splinters of this fossil wood retain a slight degree of cjiwaoter 
elasticity, but on long exposure to the air, expecially in presence of water, ©xposore. 
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it becomes jet black, brittle and glossy like bituminous coal. Wbile this 
change is taking place the bulk appears to dimmish, the surface 
becomes divided by reticulating cracks and assumes a warty appear- 

^^tei^ ^^^®' ^^^ ^^^ ^^^^ contain specks and small rounded lumps of brittle 

lignite. yellowish resin, or amber, and crystals of selenite were also sometimes 

found in them. Some of the more impure beds were full of flattened 

FiantB remaiDfl. stems of plants from a few lines to upwards of six inches in breadth. 
These sometimes shewed branches on both sides and when moist were 
quite elastic, but the structure of their tissues is so far obliterated as to 
render it diflScult to be distinguished by the microscope. From an 
examination of several specimens, however, Dr, Dawson believes them to 
be all stems and roots of coniferous trees. 

Around the base of this part of the Dirt Hills much of the ground is 
quite bare, and resembles a surface which has been washed by the 

Ironstone. hydraulic process for gold. In these places it is strewn with nodules of 
sandstone and clay ironstone, washed out of the clays, and boulders of 
gneiss. The sandstone nodules are generally from the size of a man's 

Sandstone oon- head to three or four feet in diameter. They are sometimes nearly 
perfect spheres, but more frequently they are considerably flattened. 
They shew lines of stratification, along which they may generally be split 

^Smti^f of iron ^^t'^^^*' Di^ch difficulty. The ironstone nodules vary from the size of 

^^' filberts up to a diameter of three feet. They have usually a drab colour 

on fresh fracture and a dark reddish brown surface, which is often reticu- 
lated by small ridges. Some of the thinner pieces of the ore are perfo- 
rated by very small cylindrical holes surrounded by oxidised walls. A 
sample of the ore broken from one of the larger nodules gives per 

cent, of iron, so that these nodules constitute a rich and easily reduced 
ore . A large quantity of it might be gathered from the bare surfaces 
about the slopes and bases of the hills, without the necessity of 
mining or washing. 

^xumj of The results of the analyses of some of the lignite from this locality are 

given in the Appendix. Some of them appear to be of a sufficiently good 
quality to be fit for fuel. Owing to the action of the weather, some of 
the beds at their out-crops crumble to powder, but at a depth from the 
surface the lignite would probably be found to hold together sufficiently 
to form pieces suitable for fuel. In its natural bed it is completely soaked 
with water, and, indeed, owing to its being more open and porous than 
the clayey strata in which it occurs, springs were sometimes found issuing 
from the out-crops of the beds. 
As already stated, while I left my party encamped at the Dirt Hills I 

wojdy iroun- made an excursion on horseback to the Woody Mountains. This mode 
of travelling was considered advisable for the sake of expedition and to 
avoid being plundered by hostile Indians who were reported to be 
then in that neighbourhood. 
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The Woody Mountains consisl of a rather bold north-facing escarpment Appearance. 
of arenaceous marly clays and soft sandstones with beds of lignite, cut by Rocks, 
deep ravines, which almost isolate some portions from the main oody. The 
northeastern extremity of the Woody Mountains lies about S.S.W. from Position, 
the point of the Dirt Hills above described and at a distance of about 
fifty-five miles from it. This would be some distance north of the Inter- Extent^ 
national Boundary, although there is an impression among the Half-breed 
traders that these hills are situated very near that line. From its north- 
eastern extremity the broken escarpment was observed to trend off to the 
south and south-east till it had no doubt reached beyond the United States 
border ; while to the west it is said to extend in about the same latitude 
for nearly a hundred miles. The approach to the north-eastern extremity 
of the mountain is cut off by a narrow saline lake which runs south- saiine ukesw. 
eastward for several miles between steep banks of massive grey sandy 
clay. Another saline lake lying at the base of the escarpment, and 
whose bed was covered with white salts at the time of my visit (7th 
Sept.), begins at ten or eleven miles from the above point. Continuing 
about due west, at the distance of about eighteen miles from the extremity 
of the north-facing escarpment, we entered an east and west gap or g^in moun^ 
ravine in the mountains, with a small brook of good water running 
eastward in the bottom of it. We continued through the valley to a point 
between twenty-five and thirty miles from the commencement of the southern 
escarpment. In going from the Dirt Hills to the north-eastern extremity ^^^^^ 
of the Woody Mountains we found the whole country extremely rough. ^oo^^JS'i^ 
In the first eight or nine miles the hills are particularly steep, and have ^^' 
numerous ponds of fresh water scattered among them. At this distance 
we passed over a general descent to a strip of country on a somewhat 
lower level, but also very hilly, having a chain of dry salt lakes running 
for many miles in a southwesterly direction. Only two regular valleys gh|jjo^»»i* 
were crossed before reaching the long narrow lake at the base of the 
Woody Mountains, the first at about thirty and the second at about Two vaiieya, 
forty miles from the Dirt Hills. These both descended to the westward, 
and their sides are of a more clayey character than the hills. 

The escarpments on either side of the east and west ravine, above 
referred to, are about 200 feet high. The bulk of the strata consists of JJJtr'''"''^^''" 
light grey arenaceous marl passing into very soft fine-grained sandstone, 
with some coarser and harder beds of a red, and others of a greenish-grey 
colour. The dip is southward at the rate of about 100 feet in the mile. 
The strata are well exposed in several bluffs on the south side of the en- 
trance to the above ravine. All these bluffs shew beds of lignite although Lignite, 
they are almost completely hidden by the marl which has run down over 
their out-crops and turned nearly white in drying. In one of the bluffs 
which was more carefully examined than any of the others, eight, appar- 
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Eight fleams, entlj distinct, beds of lignite were disoovered. They are separated from 
each other by an almost equal thickness of the marly strata. Of the two 
central seams, as nearly as could be judged by their out crops, the upper 

uglStS^"*' is eight and the lower five feet thick. The others are all thinner. The 
uppermost three appear to be from one to three feet thick, and those 

Quauty. bclow from two to four feet. The lignite of all the beds appears to be of 

good quality, and constituted like that of the Dirt Hills seams, already 

Iron-stone. described. Besides nodules of clay iron-stone, a bed of this mineral eight 
or nine inches thick was observed near the bottom of the bluff, and a thin- 

t^uationl)/^"" ^®^ ^°® about half way up. Four, at least, of the lignite beds, or others 

lignite seams, replacing them, were traced by many exposures along the southern escarp- 
ment for a distance of about five miles from the above locality. In some 
places in this interval, some of the arenaceous beds in weathering awaj, 

Sandstone con-leavc large concretions, resembling in form curling stones and tortoise 

creuons 

shells. Some of the concretions have a second riding on top of them. 

Clinker. About thcso bluffs somc large pieces of spoiigey clinker were noticed, 

which have probably been formed by the heat produced by the burning of 
some of the lignite beds in past years. 

Fiant remains. The plants forming the lignite beds appear to be of the same kinds as 
those of the Dirt Hills seams. A fragment of fossil wood from a ferrugi- 
nous layer in the bluff above described has the tissues replaced by oxide 
of iron and tolerably well preserved. From a microscopic examination Dr. 
Dawson regards it as a species of cedar. Several partially silicified 
angular fragments of fossil wood were found on the newly exposed slopes 
of the bluffs, and appeared to be derived from these beds. They appear 
to be of different species of exogenous wood, one of which resembles the 

Shells. cotton wood, PopuluB monifera, A few small shells in a soft crumbling 

condition were found in two or three places in the marly beds, and others 
very poorly preserved in a thin bed of ironstone. In attempting to carry 
back some specimens of the former on horseback, they were unfortunately 
reduced to powder, although . carefully packed and protected as well as 
possible from injury. One of them was a species of Paludina. 

Lign!t3 In In the most conspicuous bluff on the north side of the part of the above 

uortiiern bluff. ^ . - i ■■ i 

ravine which we traversed, two beds of lignite were found towards the top 
Sandstone. or nearly 200 feet above the bottom of the valley. A bed of rather coarse 

grey sandstone seven or eight feet thick caps this bluff. 
From Dirt HUls From the base of the north-eastern extremity of the Dirt Hills to Fort 
to Qtt'Appeiie. Q^»^ppeii^ the distance was ascertained to be about ninety-six miles in a 
north-easterly course. The first forty miles were over a swelling clayey 
prairie with the rough fissured hummocky surface already described, with 
only one strip of wood, which occurs along a stream called the Tattooed- 
tent Creek. Throughout the remainder of the distance the country is hiDy 
with groves of poplar trees and clumps of willow bushes, and the soil has 
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changed from brownish and drab clay, to gravel, with black loam on the 
8ur&C6 in the valleys and around the dry pond3- A light grey limestone 
enters largely into the composition of the gravel, the rest being made up 
of fragments of shale, gneiss, quartzite and crystalline schists. The 
country, for the last ten or twelve miles before coming to the valley of the 
Calling River, has become much more level, and the gravel is largely 
mixed with drab coloured clayey loam, and has a good surface-coating of 
black mould. The prairie is here between 250 and 300 feet above the 
bottom of the valley. 

The Tattoed-tent Creek is so called from " The Tattoed Tents ''—two " tattooed 

Tent" Crew^ 

conieal hills about forty feet in height, rising from its bed at the 
point at which we crossed it, about ten miles north-east of the Dirt 
Hills. These cones consist of nearly horizontal clayey strata similar to 
that of the Dirt Hills, and have a fanciful resemblance to some of the 
tattoed skin tents of the Indians. Much rock is exposed in the neighbour- Bock expo- 
hood of " The Tattoed Tents," consisting of sandstones and the clayey'"^' 
strata just referred to. Although the latter bear a strong resemblance to 
the beds in the Dirt Hills, no lignite was found associated with them, no lignite. 
The whole section at this locality amounts to between 100 and 150 feet. 
The dip is N. 60^ E. at an angle of rather less than two, or about one in 
thirty. The strata consist mostly of the caking dark grey and drab clays ciiaraot«r of 
and the light, fine, clayey sands already described, overlaid at the top by 
twenty or thirty feet of soft grey sandstone, which weathers to a reddish- 
brown colour. Some of the sandstone beds break into good re<ftangular 
blocks for building. The sandstones cap the irregular escarpments which 
occur on the east side of the creek. Their projecting points and detached 
outlines are covered with blocks of sandstone, causing them to resemble 
old ruined buildings. Among the lower soft strata in the banks of the 
creek is an arenaceous bed near the bottom of the section, filled with Large nndfltoM 

conoretlonB. 

great concretions of sandstone some of them measuring seven feet in their 
horizontal diameter. Some of them show diagonal stratification, and they 
all appear to be the result of a partial concretion of the thicker portions 
of an irregular bed of sandstone interstratifying the clay. Smaller 
arenaceous concretions were found in some of the beds higher up. 
Nodules of clay iron-stone were strewn about in abundance on the denuded ironstone, 
surfaces at this locality. 

From the brink of the bank on the north side of the valley at Fort 
Qu'Appelle, the surface is very uneven all the way to to the Mission at ^^^^ ^^^ 
Little Touchwood Hills, which we found by'the odometer to be forty-eight ^f^Y^l^ 
miles from Qu'Appelle, and the.direction about due north. Although all ^^^ 
the streams in this section of the country flow south-westward, the gen- 
eral trend of the minor hills and valleys seemed to be nearly at right 
angles to this course. The surface soil in the above distance consists almos^ 

G 
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E loam with a gravelly clay subsoil. Clnmpa 
es are scattered everywhere, and in approach- 
lills numerous small lakes of fresh water were 
ib on the Little Touchwood Hills, which are 
lar woods, the trees in some parts being Isige • 
The main road between Forts Ellice and 
' about twelve miles north-eastward from the 
sading to it Ues mostly through the woods, and 

e by the miuii road from the point at which ve 
r odometer measurement. The country in tliis 
i; prairie character, with numerous groves of 

about twenty miles, which occurs nearly mid- 
re Dearly all of tolerably good water, are most 
Lchwood Hills, and disappear entirely in the 
At about fifteen miles before coming to Fort 
^dy plain which supports only a growth of the 
br. The same character of country extends w 

Ellice on the south side of the Assinneboine 

?rMl from Fort Ellice toward Fort Garry we 
e Assinneboine River at " The Rapids," which 
to be about 102 miles from Fort Ellice, mi 
out two miles west of Pine Greek. The dir 
s by this route is about 235 miles, or fiflees 
Northern Trail the whole way. Where tbe 
bem tributaries of the Assinneboine about 
Ellice, a section of between twenty and thirty 
enisb-drab shale is exposed in the banks. A 
one are mixed with the broken shale formiag 

iversed to the south of the Assinneboine River 
•acter. The soil is mostly sandy and gravelly 
un on the surface ; but there are some belts 
ith scrubby oaks, and some tracts nheie the 
with boulders. Wood and surface-vater were 
sr part of this district. 

JHJI (^OLOGT OF THE ReOION EXAHINEII. 

River from Fort Garry to Lake Winnipeg 
buff or cream-coloured magnestan Umeatone 
ian series. The age assigned to these rocks 
idence of a comparatively small number of 
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species of fossils which have been coltected in the bed of the river at the 
Loweror Stone Fort. This rock has been used for building at St. Boni- 
face and in Fort Garry. A similar rock occurs in the Stonej Mountain, 
an isolated hill, fourteen miles north of Fort Garry, which, according to 
Professor Hind, presents a cliff on the west side aiity feetin height. . The 
lower part of the banks of the Asaoineboine at Silver Heights, five miles 
iveat of Fort Garry, are composed of drift, made up almost entirely ol 
the d^ris of the same kind of rock, and, judging from the angular cha- 
racter of the limestone fragments, as well a^ their abuodiDCe, the rocb 
in titii must lie only a small depth benMth. 

The next higher rocks in the geological scale known to occur in this 
re^on'are the compact limestones holding Devonian fossils, described bj 
Professor Hind as occurring on various points and blands in Lakes Mani 
toba and Winnipegosis. 

In the high grounds lying to the west of these lakes, known as the Pas 
Porcupine, Duck and Biding Mountains, the only rocks discovered o 
which we have any definite account consist of one exposure of shale founc 
by Professor Hind on the north-east side of the Biding Mountains, in whici 
he detected traces of Cretaceous fossils. I have, however, been informec 
by surveyors who have been engaged duriiig the last year or two in sub 
dividing the lands in the Biding Mountains, that shale is found in th< 
banks of ravines in many places in that region. Cretaceoi]^ ^les an 
also mentioned by Professor Hind as occurring in one place in the banks o 
the Rapid River. He also noticed shales and sandstones of the sam 
age in the banks of the Assinneboine, between the Rapid River and thi 
Souris, (which joins it about twenty miles further down) and tracet 
them for many miles up the latter stream towards the United State 
boundary. In the banks of the Souris the shales and sandstones wer 
found to hold J/iMcramup and other Cretaceous fossils. Professor Hin( 
thinks there is but little chance of finding Carboaiferous rocks in this regioi 
between the Devonian and the Cretaceous. This opinion he based on th 
fact that he could find no boulders, derived from Carboniferous rocks, i 
the drifl, and also that in one place the Devonian rocks approach withi 
ten miles of the Cretaceous, while the strata are nearly horizontal an 
ieave but little stratagraphical space in which Carboniferous beds migli 
be inserted. 

It has been already mentioned that we found greenish-drab coloure 
shales with clay iron stone where the southern trail crosses a brook abou 
twenty-five miles south-east of Fort Ellice, and Professor Hind foun 
similar shales with Cretaceous fossils on the Assinneboine River at " Th 
Ivro Creeks," about the same distance below Fort Ellice. The occuj 
xence of these shales in the banks of the Calling River at several plac« 
3>etweeD Forts Ellice and Qu'Appelle has been already described. 
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suit to lay down the precise poeidon of the geogre- 
ten the Cretaceous strata and the Tertiary rocks with 
.ve deseribed are associated. This ariBea from the 
d the prevailing sofl character of both series, pre- 
latnral exposure of the rocks, from and the great depth 
almost eTerjwhere spread over the country. The 
ler increased by the fact that geolo^sto have not 
its, in this re^on of North America shall be con- 
eons age and what Tertiary, the distinction being 
ice of the foa^ plaots and animals which they con- 
irenience, we adopt a partially litholo^cal classifica- 
er, as Tertiary, all the strata above the Inoceramvt 

of the Souiis, the shales of the Galling River and 

andstones of the neighbourhood of the Elbow of the 

The strata of the " Coteau," extending from the 

at the Red Ochre Hills (thirty-two nules above 
rt Hills and thence south-eastward to the United 
d therefore be Tertiary, together with the clayey 
distance of thirty or forty miles to the northward of 
u. The line representing the geographical division 
ations would therefore appear to enter British tern- 
hood of the Roche Perc^, where Dr. Hector found 
ignite, and to run thence west-north-westward to the 
Saskatchewan, passing about forty miles north of the 
le evidence afforded by the Woody Mountains and 
eek, the whole area between this line and the United 
uld appear to be occupied by the lignite-beaiing 
ssing the South Saskatchewan at the Red Ochre 
8 northward, and, according to Dr. Hector, reaches 

the Eagle Hills. Judging fi-om the descriptions of 
m what I have been told by miners, Hudson's Bay 
ind Indians, the greater part of the area between 
thp Saskatchewan would appear to be occupied by 
strata. 

) feet of apparently non-fossiliferous clays and maris 
I Ochre Hills rest directly upon the beds holding 
» and other Cretaceous fossils. As already stated, 
s appear to correspond with those at the " Tattooed 
one at the top of the section at the latter place is 
on of the band at the base of the Krt Hills. There 

be upwards of 300 feet of clayey strata, without 
w the horizon of this sandstone baud, and about 600 
with lignite above it. The lignite beds appear to be 
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•distributed through about 200 feet of strata in the Woody Mountains and Pontionot. 
through an equal, or greater, thickness exposed in the land-slides at the 
Dirt Hills. I may mention, however, that close to the summit of one of 
the highest pomts of the latter, the prairie squirrels brought up powdered 
lignite from several of their holes on the same level, shewing the pro- 
bable enstence of a horizontal bed of it at this high level. 

The beds which I have described as lignite are made up of the carbon- g^^^<»<* 
ized trunks and branches of trees (mostly of Coniferous species) and 
<2omminuted plant remains, without any visible' admixture of other 
matter, such as sand or clay. There are, however, other beds in which 
these substances are largely mixed with the vegetable matter, and in 
these the forms of the plants are more distinctly recognizable. . I^'. 
Dawson makes the following remarks in reference to some specimens from remArks. 
one of these beds at the Dirt HiUs which were submitted to him : ^' The 
material has the aspect of a compressed mass of roots, branches and other 
vegetable fragments, with a little mineral charcoal and occasional small 
pieces of yellow resin. The branches and roots are flattened and in the 
state of lignite or jet, and are matted together and mixed with vegetable 
debris as if accumulated in a wet swamp or in a pond surrounded with 
forest. The mineral charcoal when prepared with nitric acid shews the 
structure of coniferous wood cf the same type already recognized in so 
many lignites from this region, or resembling that of Ot/press^ Sequoia 
and Thuja, The most interesting specimens observed are a few flattened 
cones which, though not very well preserved, can be recognized as conet. 
resembling those of the genus Sequoia and very near to those of the 
-widely distributed S. Lang$dorfii (Heer.) Taken in connection with the 
^ood in this collection and in those of Mr. Selwyn and Mr. G. M. Dawson, 
and with the leafy branches in the collection of the latter, these remains 
shew that in the period of the Lignite Tertiaries, the plains east of the conditioii of 
Rocky Mountuns must have borne dense forests of coniferous trees, some le^Sa^.^ 
of them of types now found on the west coast aad indicating a more humid ^^^ 
and equable climate than that which exists at present." 

DRIFT. 

It will be observed by the foregoing portion of this report that all the 
rocks wUch came under our observation were of a soft character. Their 
surface was therefore ploughed and broken up during the drift period in 
such a manner as to render its line of contact with the deposits which 
'were then left upon it, very indefinite. We did not observe any solid 
beds retcuning the glacial strisd, so that we have not the benefit of their qi^ui strue. 
evidence to point out the direction from which the drift came. In my 
reports for the past four years, I have pointed out the fact that 19. the 
extensive region wUch has come under my observation to the north and 
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I general direction of the glacial striae is 
rarse prevails as far east &3 the Ottawa 
drift itself also shews that it has been 
n, the materials of wluoh it is formed ab 
'rom the rocks in litu to the north-east- 
bat the glacial atrise will be found to 
irse for some distance to the north and 

are known to hare for a thousand miles 
Ired to the southward. At all events, 
id Lake Winnipeg are strewn with the 
r [he country east of that lake, and of a 
extremity north-westward to Athabasca 
ments of the limestone which skirt the 
e belt, and a certain proporlaon of the 
nderlying any locality on these prunes. 

bearing in tracing any useful mineral 

to its parent source. As is well known, 
le streams fonning the soarcea of the 
intains, or near their eastern Sank, whib 
Saskatchewan and its northern tribataries 
y Mountain House to the Forks. I have 
, who have spent much time in exploring, 
old in almost every stream they trieJ 
of the Saskatchewan from the longitude 

found minute specks ourselves at the 
at one place in the Red Ochre Hills. As 
Id appears to be most abundant about 
bed out of the drift, and as there is little 
im the unaltered strata underlying the 

it has been derived from the crystalline 
obably, somewhere between the Methy 
These rocks He at a distance of only 
in that direction. Free gold is known to 
icka to the north and north-west of Lake 
m rocks in all this rejpon run in a south- 
gles to the general trend of their outline 
Jiabasca. Sir John Bichardson in his 
rough Rupert's Land," mentions the 
i; with the Haronian gold-bearing bands 
sbserva^on, and fh>m his descriptdons it 
n belts, having a south-westerly course. 
:hat the gold ibund about Edmonton is 
1 strata in the neighboarhood of Lake 
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Athabasca, or between this lake and the Meth; Portage. The &ct of 
the Huronian rocka nmning in belts, whose direction nearly coincides 
with that of the conrse of the drift (see my reports for 1869-70-71 and 
72) would account for its somewhat local distribution. 

The boulders and pebbles of the dnft throughout the whole region c 
which we examined consist of Laurentian gneiss, granite, syenite, and the 
crystalline schists of the Huronian series, together with a large proportion 
of compact buff, drab, and grey limestone. The limestone blocks are l 
much less worn or rounded, as a general mle, than the other boulders. 
These loose blocks of limestone are found to bum into an excellent quality 
of white lime, and they were bemg used for that purpose at Fort 
Qu'Appelle at the time of our visit. 

As far as I could observe on the routes we travelled between Forts 
Gany and Ellice, boulders or pebbles of Huronian rocks were very scarce, h 
until approaching within 10 or 15 miles of the latter, when they began to 
be more abandanC- The largest boulder of Huronian rock which I 
observed was one of fine-grained green mica schist about 10 feet in its 
greatest diameter, lying on the northern slope of the valley a mile or two 
below the outlet of the lowest of the Qu'Appelle Lakes. 

We frequently observed large boulders lying in the bottom of basin -bi 
shaped depressions on the prairies. At first we supposed that these •'^ 
depresaiona bad been formed by the wind blowing away the finer materials 
around the boulder, but it often happened that nmilar boulders near by 
bad not been afiected in the same way, and the boulders in basins some- 
times lay in situations not exposed to the mad, and on a stiff, resisting, or 
damp soil. Upon further examination we found the " bauned " boulders 
were frequently polished or shining, and we cwue to the conclusion that 
the depressions had been excavated by the feet of the bufialo during 
repeated visits for the pnrpose of rubbing their horns, although these 
animals have long ceased to frequent some of the locaUties in which these 
depressed boulders occur. 

OBSHRVAIIOKS ON THE GBOLOQT OF THE CANADIAN BODIB FBOM 
LAKE 8UPERI0B TO BED RIVBB. 

My report for 1372 contains an account of my observations on the 
geology of this route from Thunder Bay as far as Sturgeon Lake, and of 
the Lake of the Woods, with notes on the rucks along Rainy River, and 
the road from the north-west angle of Lake of the Woods to Fort Garry. 
In that report (page 96) it is stated that Laurentiaa gneiss, running in a ^ 
west-south-westerly direction, extends from^a point on the south shore of 
Lac des Mille Lacs, about four miles east of Barrel Portage, all along the 
chain of lakes which this route follows as far as Sturgeon Lake. Mica m 
schist begins near the outlet of Sturgeon Lake and continues along the ^ 



88 



OEOLOOICAL BURVEY OF CAKADA. 



Beddiih gra- 
nite of Cross 
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Kamakon Lake 
to Kettle FalJs. 
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Iflea schistk 



Balny Lake. 
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route as far as Cross Lake. The Maligne and Island Portages occur in 
this interval. The mica schist appears to be all of the same character. 
It is moderately coarse-grained, and has a white shining appearance with 
black specks on fresh fracture, and often holds small hard patches or 
pebbles of a granular quartzose character, like sandstone. At the 
Maligne Portage the run is a little north of west, and the bedding or 
cleavage about vertical, but further on it becomes about W.S.W., and the 
dip, which is northward, diminishes to 60^ at Island Portage and 45^ at 
Cross Lake. Around this lake the mica schist becomes much mixed with 
reddish granite in the form of veins and intruded masses, the proportion 
of granite increasing in approaching Nequaquon Portage, at the western 
extremity of the lake. In the western part of Cross Lake nearly all the 
points and islands are formed of the granite. At Nequaquon Portage the 
rock consists of a dark grey mica schist, interstratified with gneiss, the 
latter prevailing towards the west end of the portage (four miles in 
length) where it has entirely replaced the former. 

The run of the stratification at this portage was changed to N. 45° W. 
with a north-easterly dip. At the west end of Nequaquon Portage we 
come to the lake of the same name, which lies about north and south, and 
receives the Vermilion River from the southward. Leaving Nequaquon 
Lake, we pass down about a mile and a half of river, then through a small 
lake and a narrow channel, and enter Namakon Lake, which discharges 
by Kettle Falls into Rainy Lake. The rocks along the route from 
Nequaquon Portage towards Kettle Falls consist partly of gneiss and 
partly of a dark coarse splintery shining mica schist, td a point on 
Namakon Lake, about six miles west of the Narrows by which we entered 
it. From this pomt to Kettle Falls gneiss appears to be the only rock. 
Between Nequaquon Portage and the above point on Namakon Lake the 
run of the rocks varies in different places to every direction between south 
and west. Along the east side of Naquaquon Lake, and approaching the 
main body of gneiss in the western part of Namakon Lake, the gneiss and 
mica schist are interstratified with each other, while between the two 
lakes the rock consists of mica schist alone, with some veins and masses 
of granite. The mica schist of this locality appears to belong to a north- 
ward spur of the Cross Lake band. Proceeding westward from Kettle 
Falls through Rainy Lake, gneiss continues to prevail for about twenty 
miles. Kettle Falls derives its name from pot-holes or ^- kettles " worn 
in the rock at the edge of the river. The gneiss at this locality holds 
nucaceous bands and intruded masses of coarse reddish-grey granite, and 
runs S. 60^ W.,the dip being vertical. Further west, on the shores of 
Rainy Lake, the strike of the gneiss varies from S. 60^ W. to S. 40^ W. 

As mentioned by the late Dr. Bigsby (Geol. Journal, vol. X.), a bread 
band of schists, having the character of those of the Huronian formation, 
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crosses the central part of Batnj Lake. This appears to be the same 
band which follows the Seine River, and is probably also identical with 
the one which crosses Brush Creek on one of the routes explored tiie 
previous season (see report for 1872). The Indians at Fort Fmnces 
manufacture pipes from a soft grey slate which occurs on the long point i^ipe-stone. 
between the mouths of the Manitou and Seine Rivers. Mr. Robert 
Pither, the Indian agent at Fort Frances, showed me specimens of light- 
coloured granular iron pjrrites, which he informed me were taken from a jron pyrite 
thick band in the same locality as the pipe-stone. I was shown a speci- 
men of coarse silvery quartzose mica schist, which is said to occur in ntu s"^e»y mica 
in the above neighbourhood. Mr: Pither likewise exhibited to me a 
sample of copper pyrites in quartz from a vein on Rainy Lake, but he was copper pyrites, 
not certain of the exact locality at which it occurs. He confirms the 
account of Mr. S. J. Dawson and others as to the occurrence of Huronian Huroni»n 

_^ , _. , schifltB on Selnd 

schists along the Seine River. The rock at the Falls of the Rainy River, River. 

at Fort Frances is a massive grey granitoid gneiss. Gneiss is also seen Q^eim at Fort 

on the river, about a mile below Fort Frances, and again at about ten ^f*"®^'- 

miles. An exposure of massive looking rocks, apparently Huronian HuroDiui rocks 

schists, occurs at the mouth of Rapid River, which joins the Rainy River °° **°^ ^^* 

from the southward, about fifteen miles from Lake of the Woods. In my 

report for last year it was mentioned that iluronian schists occur at the 

Long Rapids at Riiny River. Tiiese were found to have a westerly 

strike, with a southerly dip of about 45"^. The banks of the Rainy River, 

except in approaching Lake of the Woods, are generally from fifteen to 

twenty feet high, and are composed of clay and drift materials, in which 

pebbles and boulders of a yellowish-grey limestone are plentiful. There 

is reason to believe, however, that under these superficial deposits a broad 

band of Huronian rocks crosses the lower section of the river. 

In going from the mouth of Rainy River to the north-west angle o{^^^^^}^^ 
the Lake of the Woods, we had several opportuaities of examining the ^©^^^ 
rocks on the way, but as no correct map of the lake exists, it is difficult 
at present to describe the precise position of our observations, all of which 
prove to be confirmatory of the general description of the geology of the 
Lake of the Woods, contained in my report for last year (1872.) Our 
course from the mouth of Rainy River was north^north-eostward between 
the large islands nearly to the msdn shore opposite, and thence west-north- 
-westward to the North-west Angle. Following this course, the rocks 
observed upon the islands consist of Laurentian gneiss to a point between 
thirty-five and forty miles from the mouth of Rainy River, and about 
twenty-five from the entrance to the North-west Angle. On the large 
island the gneiss runs about north and south, but towards the end of the 
above distance the strike is nearljr east and west,, but it varies to other 
directions in the interval. On an island at the above distance tiie rook 
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Ben, glistening mica schist with £ner bands of a 
attuning a little dolomite and marked by rosty spots 
tratification is vertic^ and runs N.75° W. Oaebs 
the southward. Proceeding towards the North- 
schists, atrikiDg to the south-westward and hariag 
vere observed upon all the islaodj to within six or 
uce to that inlet. The islands and points in this 
i\sa, granite and Huronian schists, so mingled with 
ire an accurate topographical survey before the; 
pped or described. (See also mj report for 1872, 

nap on a scale of twenty-five miles to an inch, illoj- 
le whole country north of Lake Superior, from the 
ake of the Woods, as far as it is yet known, will 
>ns, dimensions, ko. of a large number of lakes, 
phical features, first surveyed or located by myself 
tports for the past four years, and which are not 
ps yet published. 

I have the honor to be, sir, 

Yoor obedient servant, 
* BoBEBT Bell. 

Office, 
1st, 1874. 
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CHRISTIAN HOFFMANN. 
NALYSES OF LIGNITES. 

have been made of seven samiiles of the lignites 
in the summer of 1873. As the; had been kept 
itory they may regarded as having been thorougbl; 

are as follows : 

Middle Bluff, Du^ Hills, six feet." 
t ligneous structure perceptible ^ ezfoUat^d ; frac- 

colour black ; lustre shining resinous ; streak 
len was slightly coated with clay, which had also 

it very slightly disintegrated after twenty-font 
ater; the latter assumed a pale straw colour. 
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Slow Coking. F&Bt ' 

FI«d carbon, 4T.00 4- 

Volatile combustible matler 33.74 3 

■Water 15,50 11 

Asb 3.76 

100.00 101 

Ratio of Tolatile to fixed combustible 1 : 1.39 1 : 

Slow coking gave a pnlTernleut coke, shewing a slight 
smter. By fast coking a portion of the material was con 
firiable coke. 

The ash had alight yellowish -brown colour, and agglutinate 
bright red heat. 

II. " Seam three feet thick, quarter way up E. Eluff, 

Description : — Rather firiable ; splits in laminse ; colour : 
fracture sub-conchoidal and baring a resinous lustre; 1 
black. The specimen was soiled with clay which bad also p 
fissures. 

This lignite became disintegrated afler a quarter of an I 
sion in water, colouring the latter pale brownish-yellow. Ana 

Slow Coking. Fast 

Piled curbon.. 40.24 S 

Volatile combustible matter 34.61 31 

Water 17.63 1' 



Ratio of TolaUle to fixed combiutible 1 : 1.16 I : 

Both slow and fast coking gave a puIvemleDt coke, whicl 
method shewed a slight disposition to sinter.. 

The ash was of a reiy pale browniab-grey colour, and did 
bright red heat. 

III. " Second Seam, up Middle Bluff, Dirt Hills." , 

Description : — Slight ligneous structure perceptible ; tol< 
colour dark brownish-black ; fracture sub-conchoidal ; li 
resinous; streak brownish. The specimen was sli^tly 
clay, which also bad permeated the fissures. This 
but very slightly disintegrated after iwenty-four hours' 
water, the latter becoming just perceptibly coloured. Anal 

Slow Coking. Past 

Filed carbon 41,18 41 

Volatile comboitible matter.. 36.87 3: 

Water 16.69 H 



Ratio of Tolatileto filed combastible... 
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half the coke had siatered, but readily crambUd 
ag gave a pulveroleDt coke. Ash vetj pale 
it); agglutinated at a bright red heat, 
diddle Bluff, Dirt HUls." 
dark browDiah-black ; somewhat friable ; iracturt 
r and resinous to ehining resinaua lustre ; Btreak 
immersed in water, became (integrated in 
the water assuming a reddJah-brown colour. 

Slow Coking. Put ColdDg. 

, 33.96 39. T6 

[blem&tlcr i 33.07 33.2T 



100.00 100.00 

ibMtible ! : 1.31 I : 1.19 

dog gave a pulverulent coke which bj the Enl 

liaptsition to sinter. 

lie yellowish-brown colour ; at a bright red heat 

■a and clay, Bare Hill, Dirt Hills." 
ineous structure perceptible; — tolerably tough; 
acture aub-concholdal ; lustre resinous ; streak 
a was slightly coated with clay, which had also 

nty four hours' immersion in water was but verj 
the water becoming just perceptibly colooni 



Slow Cokiag. Fut Coking. 

4T.30 45.32 

34.76 36.64 . 

14.80 14.80 



lOO.OO lOO.OO 

ibuatlble 1; Ije 1: l-M 

isoltant coke had very slightly sintered ; by &3t 
laterial was converted into a friable coke. 
3U0W, and slightly agglutinated at a bright red 

dy Mountain, Lowest Seam." 

structure very cUstinct ; very tough ; colour daik 

i fracture sub-conchoidat i lustre shining resio- 
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This lignite was apparently but little affected I 
imnieraoQ in nater ; the latter vaa Bcarcel; percept 
gave:— 

Slow Coking. 

Fixed cubon 46.98 

Volatile combustible m»tt«t 3T.60 

Water 12.26 



Ratio or TDlatUe to filed eombnitible t. 1.2& 

Bj slow coking about half the coke had sinten 
crumbled at the touch ; fast coking gave a pnlvei 
The ash had a pale grejish-yellcur colour, and a 
bright red heat. 

VII. "First Hill, Woody Mountain, Thick( 
Description : — Ligneous structure tolerably dislinc 
tely tough, others friable ; colour dark brown, 
reddish-brown, at other times almost black ; I 
resinous ; streak brownish. 

This lignite became disintegrated after a quarl 
sion in water, falling into a coarse powder, the wal 
colour. Analysis gare: — 

Slow Cokiog. 

Fiied carbon 38.95 

Volatile combiulibleniatter 3T 73 

Water 18.61 



Ratio or volatile to fixed combustible 1: 1.03 

Both slow and fast coking gare a pulverulent 
method shewed a slight di^sidon to sinter. 

The ash had a very pale brownish-grey colour ai 
a bright red heat. 

None of these lignites are as good as the browi 
Selwyn &om the Saskatchewan, but resemble moi 
in the Sooris Valley by Mr. J. M. Dawson of th( 
On account of the readiness with which they dianl 
should be employed as soon as possible after beiuj 

CHRIST 
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NS IN BRITISH COLUMBU, 

aiCHABDSON, 

ra, Esq., F.R.S., F.G.S., 



I your instructions to again proceed to 
GontiDuiag and extending the geolo- 
liere during the two preceding Beauns 
tions on Vancouver Island, as veil n 
iT islands in the Strait of Georgia. 
I left Montreal on the 27th of Maj, 
8rd of Jane. I there embarked on 
1, which left on the 5th, and readied 

revisions, and made a few necessarr 
>ing material which were left at Vk- 
L7tb of June an board the Domiaion 
nded b; Captain Clarke, and arrived 
Bay, about 120 miles from Victoria. 
ligations to Captain Clarke, not onl; 
on board, but also for his many sub- 
ia landing and embarking me, oca- 
y, on different parts of the shores of 
the straits, and for his great care ii 
i^'ictoria. 

eep Bay, field work was commenced. 
jugh the woods; but on account of dte 
ountry and the uniformly thick cover- 
hich had cut through this drift and 
irere generally taken advantage of f» 
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With the exception of an excnmon from Comox to t\ 
Mine, and thence to the mountains BOuth-east of Funttet 
work of the season on Vancouver Island was con&ned to a < 
ing from Nanaimo north-west, fifty-six miles to Baynes Son 
and south-east, ^teen and a half miles to Oyster Harboui 
extended to some of the islands in the 8trait of Georgia 
points on the mtun-land of British Columbia. Towards the e 
the frequent r^ns rendered a continuance of field work unj 
OD the 80th of October I left Naoaimo by the' Sir Jame. 
arrived next day at Yictoria. 

My attention was then devoted to the repacking of speci 
boxes of fossils, minerals and rocks were forwarded to M 
tents and sails were dried, and the camp equipment thorc 
and stored at the office of the Canada PadGc Rfulw&y, whil 
^ven in charge of the Hudson's Bay Company, and placed i 
their premises. The whole of these materials may be ti 
@400, and will be available for oext season's exploration. 
Yictoria on the 13th of November, and arrived in Moatrei 
of the same month. 

GEOLOGICAL FEATURES. 

Those portions of the coal-bearing formation of Vancouvei 
were examined and reported on in 1871 and in 1872 wei 
two subordinate troughs ; the north-western being described 
and the south-eastern as the Nanaimo coal-field. (Repo 
1872, page 34.) 

In the former the area examined in 1872 exteaded 
River, a tributary of the Pnntledge, on the. north-west, to I 
the south-east, on which the Baynes Sound Coar Mine is si 
also includes Denman and Hornby Islands. Although 
were made in 1872 along the coast from the river Sable 
Qualicum River, none were then made inland; and it was tl 
sary to ascerttun the extent of the coal-bearing rocks in 
With this object in view, four lines of measurement, of fr 
miles each, were made through the woods from the coast 
River and a pcunt to the north-east somewhat beyond Deep B 
iDg south-westerly to the Beaufort Range. Measuremf 
made along the trul mentioned in the report above cited, pe 
ing across the island to Alberui. These measurements ^ 
around and to some distance beyond Home Lake, and oth< 
from Borne Lake to Mount Mark and down the Qualicun 
About twenty miles The next travei'se was made up the 1 
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six milea south-eut of tfae Qaalicum Uver, mi 
B IJttle Qualicam is reallj man; times larger tluD 
:coaiit of the difficult; of p^ietrating the thick 

and the onl; exposuras of the rooks bebg in the 
ras ascended b; wading in the clear cold vat«r, 
four feet deep ; and in this manner a pimt vaj 
e iroiD six to aevea miles soutli- vest &oin its month. 
[attle QualLcnm as represented on the published 
ladd, and this error gradual!; inoreases till at a 
mile to the south-east the shore line as laid down od 
I a mile inland. Thence tfae error gradaall; dimin- 
a;, the shores of which are correctl; represented. 

made alcmg the coast bom the little QualieuiD 
9 River, a distance of about ten miles ; Ukd the 
it was continued, without measurements, to North 
south-eastern estremit; of tfae Gomox coal area is 
nt following around Nanoose Harbour and to Depar- 
)rth-westem boundary of the Nanumo coal area 
he shores are occupied b; crystalline ro«ks, all of 
n detail. 

>d of Kanaimo several measurements were made 
1872 i one being about eight miles in length, from 

a point bearing S. 11'' W, on the Naniuma 
ng strata were likewise examined along the coast 
iBtward to Dodd Narrows, and thence to Boat 
ij and to and aroond Oyster Harbour, which, as 
m and a half miles south-east of Nanumo, though 
the coast, ia probably more than double. Newcastle, 
«, Oabnola, Madge and Flat Top, as well as several 
Is 'within the Nanaimo coal area, -were cueMy 
lese, others in the Strait of Geor^, composeJ 
oks, were also examined in considerable detail- The 
d the largest of these are Texada and Lasqueti. 
Sabine Channel, a number of small blands were 
le Sisters to the west of Laaqueti, and Jenkins, Sti 
the south of it. The small islands in the Balliaac 
I BallinacB, Mistaken, Gerald, Douglas, the Veo, 
18, Southe; and Maude, were also visited and 

Nanaimo the coal-bearing strata are much mor^ 
than they are either at Nanaimo or m the Comai 
the structure of this part of the Nanumo field 
ed, further and more extended exanunations are 
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required; and yon have accordingly thought it desirable that before Further exami- 
attempting to do so I should employ another season in the investigation. '^ 
This it is hoped will be suflScient for the purpose, and in the mean time, 
while the details of the structure will be deferred for a future report, the 
minerals of economic value and the fossils which were met with during 
the past season will be now described. 

Considerable time and attention was devoted daring the season to the collection ot 
collection of fossils with a view of aiding as much as possible in the iden-**^*"^* 
tification of the different groups of strata within the area. Collections 
were made at the following localities from beds belonging to the pro- 
ductive coal measures, Division A of the Report of 1872 : — 

1. In North West Bay, about ninety specimens of plants and animals. 

2. In a shallow bay immediately north-west of the latter, a small col- 
lection. 

3. From the east side of Newcastle Island, a small collection of fossil 

leaves. 

* 

4. From the west side of Protection Island, a larger similar collection. 

5. From the east side of Protection Island, fossil shells. 
Collections were also made as follows from beds which are supposed to 

represent the Lower Shales, Division B of last year's report : — 

1. From about two miles and a-half up the Nanaimo River. 

2. From the coast a short distance to the north-east of Dodd Narrows. 
A few specimens were procured from the productive coal measures at 

Nanaimo, and also at about ten miles up the Nanaimo River. 

From the rocks which in the reporf of last year were described under 
the head of Crystalline Rocks, fossils were collected this season at the 
following places : — 

1. The shores of Home Lake. 

2. From the coast near Schooner Bay, between North West Bay and Fowusfnerys- 
Nanoose Harbour. The fossils^ which are poorly preserved, were found ^^^^^ '^^'' 
here in light grey limestone and in bands of black slate, interstratified 

with the limestone, and both associated with black homblendic rock with 

epidote in small strings. The limestone occurs in beds of from three to 

five feet thick, which are largely intermixed with masses of beautifully Limestone witb 

crystalline tremolite, of a yellowish-white colour, and occasionally shewing 

specks of graphite. These rocks strike with the coast and dip inland at 

high angles. 

8. From the Ballinac Islands. These islands, two in number, were Sandl!^*"** 
carefully examined and a tolerably good collection of fossils was secured. 
As the relation of the fossiliferous beds to the other rocks with which they 
are associated is of considerable interest, I have selected the following 
section which is exposed on the larger island at the southern extremity of 
its eastern shore, and in which these sections are well exhibited. The 

H 
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rocks have been laid bare by the action of the sea, and there is % 
continuous exposure of every part of the section for from 50 to 60 yard» 
in length on the strike of liie beds ; the dip being S. 58^, W. < 58^. 
The section is given m descending order. 

Feet Inches, 

fj^JjYriMdg Epidotic rock, the bedding not well defined 15 

Pinkish-red bed. This bed is regular and its contact with the OTer- 

Ijing bed is well defined 6 

Epidotic rock, regular and well defined throughout 9 

Pinkish-red rock passing into epidotic rock, the former from three to 
four inches, and the latter from 22 to 23 inches thick, the whole 

very regular. 2 2 

Epidotic rock, regular throughout 1 8 

Green fine-grained diorite passing into epidotic rock; one to two 

inches of the former and nine to ten inches of the latter 1 

Red limestone with obscure encrinite stems 6 

Epidotic rock, very uniform and regular in character throughout 2 3 

Keddish verj pure limestone in beds of from two to eighteen inches 
thick, holding well defined fossils stems of encrinites, corals, and 
brachiopods 50 

Immediately below the rocks in the above section there is a thickneas^ 
estimated at from 150 to 200 feet of grey limestone, in some parts inter- 
stratified with fine-grained black slate, which seems occasionally to pasa 
into a dark fine-grained dioritic rock. In the limestones numerous silici- 
jsmcifled foMiis. fied fossils are met with, and a single specimen of a portion of a large 
Qyroc€Ta% was found in the black slate. 

These fossils, which are not well preserved, have been examined bj 
Mr. Billings, who has supplied me ^th the following note on them \-^ 
• ^^ 1. Fragments of a small coral, apparently a Zaphrentis. 

2. Fragments of a large Spirifer. 

3. The impression of one side of a Qyroceras, This specimen was 
from the black slates. 

Age of the The age of the rocks is either Carboniferous or Permian; most 

probably the former." 

ECONOMIC MATERIALS. 

<^oii. Coal. — Beds of coal not previously noticed were observed during the 

season at the following localities, given as they occur from north-west to 
south-east : — 

1. In the Comox area, on a small brook about one and a-quart3r 
miles south from Fanny Bay. This seam is only three inches thick. 

2. On the Nanaimo River, at a point about 8 miles S., 15*^ W. from 
Nanaimo Harbour. This is the only workable seam seen during the 
season. It is from three feet six inches to four feet thick, of good cleaa 
coal, and rests on a bed of black carbonaceous shale with impressions of 
plants Above it is an exposed thickness of ten feet of brown and grej 
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sandstone, in beds of from six inches to three feet in thickness ; the dip of 

the beds is N. 71^ E. 

3. On the north-west end of Protection Island there is a smaU seam of frotMtion 

Island. 

good clean coal of from one to three inches thick. 

4. On the same island about the middle of the south-west side, a seam 
of similar quality and from three to four inches thick was observed. 

5. About half-way up Oyster Harbour, on the north-east shore, a seam orster Harbour 
of not more than half an inch thick is exposed. 

In July last Mr. John Jessop, superintendent of schools in British 
Columbia, sent me a sample of coal from the mainland, accompanied by a 
note in which he states that the sample was taken from a seam recently 
discoyered in the Chilli wack district about one mile from the Chilli wack 
River, and less than five miles from the Fraser ; but that the seam had bit^T*^ 
not been sufficiently examined to ascertain its thickness or extent. The 
sample has been examined by Dr* flarrmgton with the foUowing re- 
sults: — 

'^ A clean, bright, bituminous coal. By rapid coking it gave, 

Volatile matter . . . 35.73 AniUyisbyDr. 

Fixed carbon . . . 63.86 HanfagtoB. 

Ash 041 

" It coked, but the coke was non-coherent and brittle. The remarkably 
small amount of ash which it contained was of a dark red colour." 

Iron Ore. On the south side of Texada Island, about three miles north- iron 0T«,Texad» 
westly from Gillies Bay, and about seventy paces from the shore, a small ^ ' 
exposure of magnetic iron ore was met with, associated with a coarse-grained 
epidotic rock, and grey diorite. Immediately north of this exposure the 
ground rises steeply to about 450 feet above the sea. Here on the east- 
em and south-eastern slopes of the hill, for 150 feet down^ and ex- 
tending from 200 to 250 feet m length, is an exposure of rich mag- 
netic iron ore. On the out-crops facing to the north-west the ore-bed 
which dips from S. 58° E. to E. < 25°— 30° is seen to be from twenty to 
twenty-five feet thick, and to rest on grey crystalline limestone, with Crystaiune^ 
-which, for about two feet down, are interstratified bands of ore, of from 
half an inch to one inch in thickness. The hill still rises to the north and 
north-east, but along the flank, and at about the same elevation, in a north- 
'westerly direction for nearly a mile, the ore is occasionally seen, and in 
one place there is a continuous exposure of it for about 230 feet, the bed 
apparently varying in thickness from one foot to ten feet. In the con- ^ ^^^^ ^^ 
cealed intervals its course appears to be indicated by a coarsely crys-<*writic rocks, 
talline epidotic rock carrying ore in places, but with the grey limestones 
apparently overlying it to the north-east, and the grey and green dioritic 
rock beneath it to the south-west. Where the ore-bed is exposed in this 
part of the hill a similar arrangement of the beds is observed, and what 
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ThiekneM of 
the ore-bed. 



Safe Barbour 



CharcoaL 



here appears to be the base of the limestone exhibits interstratificatioDB of 
ore similar to those described at its summit in the first exposure. An 
overturn dip is probably the cause of the apparent differences in the 
arrangement of the beds. In a north-easterly direction from the first 
noticed exposure for a quarter of a mile no ore is seen, after irhish it is 
again found, at first in irregular patches mixed with epidotic rocks, and 
then, its course becoming more northerly, for more than half a mile the 
bed presents an irregular surface exposure of from 600-900 feet of nearly 
pure ore. In this part the dip could not be ascertained with certainty, 
and I am therefore unable to estimate the thickness of the ore. Loose 
pieces of limestone with interstratified ore-bands were found on the west 
side, while to the east the ore is bounded by grey and green (]Qoritic 
rocks. 

Circumstances did not admit of my remaining on the island long 
enough to trace the continuation of this valuable deposit of iron ore. Mr. 
Henry Trim, of Howe's Sound, however, who has explored the island, 
informed me that the ore is to be seen occasionally in considerable 
exposures to near the north-east coast of the island, a further distance of 
more than three miles. 

These iron ores could scarcely be more favourably situated than they 
are, either as regards mining, smelting or shipment. There is deep water 
close to the shore, and wharves might be easily and cheaply constructed, 
at which vessels could always load in safety, except during the heavy 
south-east winds which occur occasionally from the middle of September 
to the end of March. But during these, Gillies Bay, only three miles 
distant, would afford a safe and convenient harbour of refuge. There is 
also another harbour at the north end of the island about seven miles 
distant which would afford shelter in all weather. The site of the ore is 
eighteen miles from Comox Harbour, twenty-one miles from Deep Bay, 
and about twenty-three miles from Fanny Bay. These are all good and 
safe harbours, and are only a short distance from the productive coal- 
seams of the Comox area. In the event of charcoal being required for 
smelting the ore, abundance of wood suitable for making it can be pro- 
cured on the island. 

Iron ore is reported to occur also in the following localities : 

1. Fifty yards from the Yale and Cariboo waggon road, up a ravine 
half a mile below Nicoameen in the Lytton district. A sample of this 
ore was given me by J. W. McKay, Esq., Chief Factor in the Hudson's 
Bay Company's service at Victoria. It is a magnetic ore, and is stated 
to occur in a vein eight feet in thickness. 

2. About one mile up the river at the head of Knight's Inlet, on the 
left bank, and about 1,200 feet up the mountain, A specimen of this ore, 
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and the foregoing particulars, were giyen me by Mr. Alexander Donald- 
son, of Victoria. 

3. Six miles west from Menzie's Bay, Vancouver Island, near Seymour 
Narrows. I did not learn the extent of this deposit, but it is said to be 
considerable, and is close to some of the coal seams of the Gomox area. 

4. On the west side of Fitz Hugh Sound, at the entrance to River's 
Inlet. 

5. Iron ore is said to occur on the shores of a bay to the south-east of 
Cape Commerell, at the north-west end of Vanoouver Island. 

Limestone. — The cli& of limestone which form part of Mount Mark 
above Home Lake are mentioned in the Report of for Progress 1872-73* 
It is there stated, page 53, that " reaching the west side of Home Lake, umettone. 
and looking northward to Mount Mark, a driftncovered surface rises 
between 300 and 400 feet above the lake in the distance of about a 
quarter of a mile, and from this starts up a wall of limestone with an 
almost perpendicular face, presenting a thickness of probably 1200 feet, 
which is again capped by a great mass of brown-weathering diorite." A 
great variety of excellent ornamental marbles, suitable for almost all pur- 
poses, could be procured from these limestones. They are all more or 
less crystalline, and of white, whitish, dove-grey and bluish colours, but 
none of the beds, so far as observed, are sufficiently white and fine-grained 
to afford statuary marble. As a material for building purposes it could 
not be surpassed as regards durability and the size of the blocks which 
could be obtained. Some of the beds present faces of from 80 to 50 feet 
in breadth, without, so far as could be seen, a single flaw or crack. The 
Qualicum River, which discharges Home Lake, would afford any amount watei^power. 
of i^ter-power— except, perhaps, in unusually dry seasons, during a part 
of the months of August and September — ^for driving all the machinery 
required for cutting, dressing and polishing the marble. The limestone 
cliffii are from a mile and a-half to three miles from the outlet of the lake, 
twelve chains below which is the first fall, of about 30 feet. In the next 
five chains the river falls about 40 feet, and nine chains further down 
there is a fall of 25 to 30 feet in a length of about one chain. The next 
and last fall of any importance is 43 chains still lower down. Here the 
stream is divided into three branches and falls about 100 feet. In the 
centre channel the lower 60 feet is an unbroken perpendicular fall, away 
in a deep recess or eanoriy between waUs, only a few feet apart, of dark, 
nearly black, dioritic rock. 

The constant and regular supply of water in this stream, together with 
the natural reservoir at its head, and the facilities for utilizing it at so 
many different levels, afforded by a fall of about 200 feet m a mile, are 
features which render it pre-eminently valuable as a water-power. The 
last fall is a little more than four miles from the coast, at the mouth of the 
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river, but the shallowness of the water and the exposed position render it 
Deep Bar. ^^ indifferent harbour. Deep Bay, however, further west, although small, 
is one of the best harbours on the coast, and is only eight miles north- 
west frcm the lower falls. 

At the north-west end of Texada Island limestones are well exposed on 
the coast from one mile south of Point Marshall, around the north-west 
"" end, and thence along the north-east shore for about four miles south- 
east, or altogether for a distance of about seven miles. These lime- 
stones are similar to those of Mount Mark, being of white, whidsh dore- 
grey, and bluish colours. Some of the white variety is, however, finer 
grained, and in this respect, as well as in colour, more nearly approaches 
the character of fine statuary marble, but the beds are here traversed by 
numerous joints running in different and irregular directions, so that it 
would seldom be possible to obtain sound blocks of large dimensions, 
though there are a few places where blocks might be obtained sufficiently 
large for ordinary building purposes. 
Timber. TVntier, etc, — On the Donaldson River, which rises in the Beaufort 

Mountains and falls into the Gulf of Georgia about three miles west to 
Deep Bay, white pine, P. strobvs, is more abundant at 800-1,400 feet 
above the sea than it is at lower levels. The soil on and near the Donaldson 
River at the above elevation is of a mixed clayey and sandy character, 
and here white pine is very abundant and of large size. The followmj 
are the dimensions of one tree of average size which was measured as it 
lay on the ground. Diameter, three feet from the root, two feet, and at 
105 feet, eighteen inches. Total length 175 feet — 105 feet without a 
branch. Many of the trees are considerably larger, and more than 200 
feet in height. White pine timber is worth nearly double the valil^ of 
Douglas pine, Abies Douglassii, on account of its superiority for finishing 
purposes, and it may be useful to persons seeking for it to know that it 
will probably be found in greater abundance and of better quality at the 
above elevation than at lower levels. 

With regard to the agricultural capabilities of the country examined, I 
have nothing to add to the information given in the reports of 1871-72 
and 1872-78. On all of the islands explored during the season the rocky 
character of the surface renders them wholly unfit for cultivation. 

I have the honour to be, Sir, 

Your obedient servant, 

JAMES RICHARDSON. 

Geological Survey Office, 
Montreal, May 1st, 1874. 
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F20NTENAC, LEEDS AND LANARK COUNTIES, 
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PLUMBAGO OF BUCKINGHAM AND APATITE OF TEMPLETON 
AND PORTLAND TOWNSHIPS, OTTAWA COUNTY. 

BY 

HENRY G. VENNOE, F.G.S., 

AODRS8BSD TO 

ALFRED R. C, SELWYN, ESQ., F.R.S., F.G.S.. 

DIRXCTOB OF THX GBOLOOICAL BUBYXT OF CANADA. 

Sir, — Last summer I continued my work m the counties of Frontenac, ^,,^^1^ 
Leeds and Lanark, and spent the chief part of my time in a further ™*°®'*- 
study of the five important bands of crystalline limestone to which I drew 
your attention in my last Report, (Report of Progress 1872-18T8, p. 160), 
and to the uppermost of which are related several of the most promising 
deposits of magnetic iron ore. A considerable time was also spent in 
examing a number of openings made on veins and beds of apatite or 
phosphate of lime in the eighth concession of North Burgess, and the 
positions of upwards of 145 of these were .fixed by measurement. Later 
in the season, I traced out other synclinal forms of phosphate-bearing 
rocks and crystalline limestone in Loughboro' and Bedford townships, 
and determined the horizon within which remunerative deposits of apatite 
might be looked for. During the season, an opportunity was also afforded 
for examining some mineral deposits of economic interest in the town- 
ships of Buckingham, Templeton and Portland in the County of Ottawa, 
to the northward of Ottawa city, the more important of these are plum- 
bago, phosphate of lime and baryta. For assistance and information 
received, while exploring in this last named section of country, I would ^^^.^^^i^^^ 
especially acknowledge my obligations to the Hon. Alex. Campbell, Dr. gJSj.^' •**' 
-J. A. Grant, F. P. French, J. A. Gouin and A. Walsh, of Ottawa city, 
and to Capt. A. McNaughton of Buckingham. 

The results of the past season's explorations may be given under the 
following heads : 

Distribution of the Crystalline Limestones. 

Synclinal Forms of Phosphate Rocks in Loughboro' and Bedford. 

Phosphate of Lime in the Eighth Concession of North Burgess. 

Plumbago and Phosphate Deposits of Ottawa County. 



104 



GEOLOGICAL SURVEY OF CANADA. 



Sbpw 



Tlve bands of 
limestone. 



White Lake 
band. 



Bharbot lake 
Iwad. 



DISTRIBUTION OF CRYSTALLINE LIMESTONES. 

In a 'detailed map of this section of conn try, at present being pre- 
pared by Mr. Robert Barlow, the course of each of the fi?e bands of 
crystalline limestone, through the townships of Olden, Oso, North and 
South Sherbrooke, Dalhousie and Bathurst, will be laid down. This map 
will show at a glance the relative positions of these bands, their estimated 
thickness, and the volumes of the gneisses which separate them. For the 
present, therefore, the detailed enumeration of the concessions and 
lots in these townships, through which the several bands of limestone 
pass will be deferred, and merely a sketch given of the general bearing or 
run of each. Some of their most distinguishing features will also be 
noticed, and the distance stated to which they have, respectivelj, been 
traced. 

In my last Report, (Report of Progress 1872-1873, page 160), I 
alluded to five distinct bands of» crystalline limestone ; they are as foU 
lows : — 

1. White Lake and Bolton's Creek band. 

2. Upper Sharbot Lake, Flayfairville and Lanark band. 

3. Lower Sharbot Lake, Maberly and Bennet's Lake band. 

4. Grow Lake, Rock Lake, and Silver Lake band. 

5. Bobs' Lake, Tay River, and Meyers' Lake band. 

It is still my opinion that these are distinct bands, and that they 
represent an ascending sequence in the rock formation of the country. 
They nearly all present some characteristic features by which they may 
be identified, and by which one band may be distinguished from another. 

1. The White Lake and Bolton's Greek limestone rests upon 
a great body of speckled hornblendic or pyroxenic gneiss and greenish 
homblendic slate rock. It was continuously traced from White Lake in 
Olden township, through Oso, following the general course of Bolton's 
Greek, to the line between North and South Sherbrooke, then along this 
line into Dalhousie, where, trending more north-easterly, it passes Mac- 
Donald's Comers, and thence to Watson's Gomex^, in all a distance of 
twenty-four miles. The marked features of this band of limestone are 
its highly crystalline character, its massiveness, and its clouded grey and 
white colors. It affords a beautiful building stone, and has been quarried 
to some extent for this purpose in the township of Dalhousie. 

2. Both above and below the Sharbot Lake band, mica slafces 
occur, and towards its lower portion are interstratified with it. It has 
been traced from the western extremity of Sharbot Lake in Olden into 
Oso, and thence through this township in a northerly direction past the 
head of Silver Lake into South Sherbrooke, where it ruiiiS in aa 
easterly direction through portions of the tenth and eleventh concessions^ 
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Entering Bathnrst, it turns more north-easterly to the line between this 
last named township and Dalhousie, which it follows to Plajfairville and 
ihence to Lanark village in Lanark township, where its coarse again is in 
a northerly direction. The distance from the first noted position of this 
band on Sharbot Lake to Lanark village is close upon twenty-eight 
miles. This band is the most marked I have yet met with, not only from its 
associated mica slates and great volume, but from its uniform banded char- Banded oharte. 
acter. At Flayfairville on the Mississipp River, and at Lanark village, tone, 
this banded character is beautifully seen, the limestone showing alternate 
layers of white and bluish-grey colors, the latter being of a more silicious 
charact^ than the former. In my last Report, already several times 
referred co, this banded limestone was described in some detail. It con- 
tains a great quantity of rust-colored quartzite, in layers, lumps and 
lenticular patches, their c61our being due to the decomposition of the 
abundantly disseminated grains of pyrites. Scales of graphite are also 
occasionally met with, but nowhere in sufficient quantity to form a special 
characteristic. Two or three ddstinoifahlbands also accompany this band, 
and these may yet be productive of some valuable ores. 

3. The Lower Sharbot Lake, Maberly village and Bennet's Lake band, Lower sbarbot 
separated from the last named by volumes of black homblendic slate and 
quartzose gneiss, has been traced from St. George's Lake, on the boun- 
dary line between Olden and Oso, across Sharbot Lake to its outlet, and 
thence runs to and through the ninth concession of South Sherbrooke, pass- 
ing to the north of the village of Maberly, and along the north-western 
shore of Fagan's Lake on the line between the latter township and Bathurst, 
thence through the entire length of Bennet's Lake, and along the course 
of the Fall River towards Drummond township ; the total distance from St 
George's Lake in Olden being close upon twenty-four miles. In Drum- 
mond township, it runs under rocks of Lower Silurian age. In reality Lower suitrittt 
it consists of two or more beds of limestone, separated by bands of feld- "'*^'' 
spathic gneiss and is not marked by any special characteristics. It is, 
however, accompanied by one or iwofahlbancby and is associated with an Fahitandt. 
important volume of a greenish speckled homblendic or pyroxenic rock. 

4. The Crow Lake, Rock Lake and Silver Lake band of limestone iScrowLske 
well marked and important. It is separated from the last by a great ^^"^' 
Tolome of granitic gneiss, which is probably not lesst han eight to nine 
thousand feet thick. From Eagle Lake, in the north*eastem comer of the 
township of Hinchinbrooke, it has been traced to the head of Grow Lake, 
in Oso ; thence north-eastward to Rock Lake, a small lake situated close 
to the town line of South Sherbrooke. Entering this last township, it 
runs through portions of the fifth and sixth concessions, passing a little 
to the north of Silver Lake, and enters the sixth concession of Bathurst, 
whence, again trending north-eastwardly, it passes through the seventh 
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concession to the eighth concession line, which it follows, in a nearly direct 
coarse, to Balderson's Comers, on the line between Bathurst and 
Drummond townships. In Drummond it immediately runs under a heavy 
drift, and shortly after is capped by rocks of Lower Silurian age. 
The distance from Eagle Lake to Balderson's Comers is about twenty-six 
miles. A remarkable feature of this band is, that it immediately overlies 
^5?nd apaSte * ^^^^ ^^ '^^ Containing magnetic iron ore and deposits of phosphate of 
lime. These minerals were observed in proximity to this limestone, at 
Eagle Lake, at Crow Lake, in Bedford and Oso, and again at the Foley 
and McVeigh lots in Bathurst, in which last locality both have been niined 
to a small extent. The limestone has also interstratified with it a number 
of subordinate bands of red feldspathic bands, which separate the whole 
into a number of unequal parts. The largest calcareous bed does not 
exceed 150 feet, but the total thickness from the base of the lowest bed 
of limestone to the top of the highest may be estimated at not less than 
2,600 feet. The limestone is coarsely crystalline, and holds in abundance 
small scales of a yellowish-brown mica, and less frequently graphite. 

5. The Bob's Lake, Tay River, and Meyers' Lake is perhaps the most 
important band in the whole sequence. It is separated from the last by 
a great volume of gneissic strata, which has a transverse measurement of 
over 13,000 feet. This may, or may not, represent the actu^ thickness 
of the gneiss, as the strata are all in a nearly vertical attitude, and there 
is no evidence of any repetition of the beds. The limestone was continu- 
ously traced, from the southem extremity of White Lake in Bedford, 
across Green Bay and Bob's Lake, to the Tay Kver in South Sherbrooke, 
and thence along the general bearing of this river, to and across Meyers' 
or^Christie's Lake mto the township of Bathurst, where its course is shortly 
concealed by heavy drift. The distance from White Lake in Bedford to 
the last position in which the band was noted in Bathurst, is about twenty- 
two miles. The thickness cannot be less than 2,600 feet, and the lime- 
stone differs in a marked manner from either of the four inferior bands. 
It resembles them in being white, but is much more coarsely crystalline. 
Graphite is abundantly disseminated through it in brilliant plates or scales, 
and there are also layers of white quartzo-feldspathic rock associated with 
it, which occur both in the form of interstratified beds and irregular masses. 
This may, for the present, be considered as the highest band of limestone 
in the series, and it belongs to the synclinal forms which I have yet to 
bring under your notice as occurring in Bedford and Loughboro'. It is 
overlaid by a considerable volume of gneissic strata, in which there also 
occurs a small band of limestone — the Farren Lake band— as noticed (Report 
of Progress, 1872-78, page 160) but which may be left out of consider- 
ation for the present. At its base, and also at some distance above it, 
there are important deposits of magnetic iron ore^ a fact which has already 
been dwelt upon in my previous reports. 
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SYNCLINAL FORMS OF PHOSPHATE ROCKS IN LOUGHBORO' AND BEDFORD 

TOWNSHIPS. 

These forms give a very irregular outline to the outcrops of the 
limestones in the townships of Bedford and Loughboro'. So much 
so indeed, that to describe tbe course of each in all its windings would not 
only be tedious, but also occupy more space than is desirable in the 
present Report. Besides, a glance at the map, already alluded to as 
being in preparation, will convey a much better idea of the position and 
form of the synclinals than any verbal description. I shall therefore at Geoiogio«i poet- 
present confine myself to some general remarks on their geological phoBphate 
position, and describe one or two of the more important of the troughs. 
The five limestone bands enumerated on page 104 present an undoubted 
ascending sequence. Their dip is uniform to the south-eastward, and almost 
invariably at a steep angle, while their lines of outcrop, as we have 
already seen, have been traced for long distances on the general strike of 
the rocks. On entering Burgess, Bedford and Loughboro', however, we 
have no longer a uniform strike and dip» but find one, or perhaps two, 
of the bands of limestone again and again repeated through subordi- 
nate undulations of the strata, and in the synclinals resulting there- 
from a still higher series of gneisses, limestones and quartzo-orthoclase 
rocks is brought in along with extensive deposits of apatite or phosphate 
of lime. The first synclinal noted and traced is formed by the fifth orFintaynoUnia. 
highest band of limestone, namely, the Bobs' Lake, Tay River, and 
Meyers' Lake band, and occurs between the townships of Bathurst, South 
Sherbrooke and the western portion of Bedford, on the one hand, and 
North Burgess, North Crosby, and the eastern portion of Bedford 
on the other. The northern and north-western outcrop of the limestone, 
stated, on the last page, to have been traced from White Lake in Bedford to 
Bathurst, is that already described. The southern and south-eastern out- 
crop, on the opposite side of the synclinal, runs from the foot of Pike 
Lake in North Burgess south-westward along the north-western shore 
of this lake into North Crosby, and thence westward, through Crosby 
Lake in North Crosby, to the town line of South Sherbrooke, whence 
turning south-westward it reaches the head of Wolf Lake in 
Bedford, passes by Fermoy Post Office, and, following down 
the " Old Bedford road," forms a junction with the outcrop at 
White Lake. It will be seen from the foregoing that this synclinal 
form is considerably narrowed, between South Sherbrooke and North 
Crosby, by the east and west trend of the limestone through 
Crosby Lake; while to the eastward, between Meyers' or Christie's 
Lake in Bathurst and Pike Lake in North Burgess, and to the south- 
westward through Bedford, the basin is considerably expanded. The 
space between the outcrops of the limestone on opposite sides of the 
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synclinal in North' Burgess on the one aide, and Batharst andSontb 
Sherbrooke on the other, is occupied by red and greyish gneiss rocb, 
and on the town line of Bathurst, in a position which would appear 
to be towards the centre of the synclinal, red or flesh-coloured calcite, 

Bed eaici««. sinular in every respect to that occurring with apatite in veins in 
North Burgess, is found interstratified in beds of thirty feet in thickness 
and upwards. The south-western portion of the synclinal, namely, that 
in Bedford, is almost wholly occupied by the limestone, which is kept at 
the sur&ce through minor undulations, all the way across from White 

Sund ^^*^* Lake and Green Bay on the west, to Wolf Lake on the east. Up to the 
present date no phosphate of lime has been found in this trough or basin. 

Second gyncii. The sccond of thcsc Synclinal forms to which I would draw attention 
is that occurring between the limestone outcrops of Canoe Lake and 
Devil Lake, in Bedford. Here the limestone b immediately underlaid 
by garnetiferous gneiss, and overlaid by thinly bedded and banded gra- 
nite gneiss, and red orthoclase gneiss. This, I take to be the south- 
western extremity of the North Burgess phosphate basin, as it is imme- 
diately on the opposite side of the axis of an anticlinal which has now 
been traced from Canoe Lake into North Burgess. In this 
portion of the synclinal in Bedford, phosphate of lime occurs in several 
places, but as yet has not been much sought after, and no deposit of 
importance have been brought to light. Between the limestone on De?il 
Lak^ in Bedford and Buck Lake in Loughboro', another anticlinal exists 
which separates the trough in Bedford from the basin or trough described 
in my last report as occurring between the last-named lake and Opimcon 
and Bock Lakes in Storrington, namely, the Loughboro' and Storrington 
phosphate basin, (see Report of Progress, 1872-1873, p. 170 et seq.) This 
trough, 1 described as terminating towards the south-western end of Back 
Lake, but I have since traced it further westward through Loughboro' 
as follows : The Buck Lake band of limestone, representing the north- 
western border of the synclinal, upon reaching the extreme south-western 
end of Buck Lake, suddenly deviates from its north-easterly and south 
westerly course, and is carried in a westerly direction to the northward 
of Otter Lake, a small boly of water in Loughboro', situated a few 
chains to the northward of Qold Lake, where it forms the exposuie noted) 
but unaccounted for by Mr. A. Murray, in his Report of Progress, 

jfixtractfrom 1852-58, page 86, where he states that '^ though the axis of the sp- 

Tepbrt^is^M. clinal form would cross the upper or eastern part of this lake, (Otter 
Lake) the north shore, from the eastern extremity to the eighth lot, 
a distance of about two miles, is composed of gneiss, and so is the 
southern shore on the tenth lot. The western extremity of the lake, 
however, from the middle of the ninth lot on the south, and of the eighth 
on the north side, consists of crystalline limestone, which was obseryed 



KEPORT BY MR. HENRY O. VENNOX. 109 

to extend down the stream emptying the lake, to the middle of the sixth 
lot. But this mass appears to be too far westward to belong to the syn- 
clinal in question, unless it suffers an extraordinary turn in that direction ; 
it appears also to be too far to the eastward for the continuation of the 
Knowlton Lake band, and it may therefore be an outlying patch." From 
its position just given on Otter Lake, this band again turns eastward to 
the head of Gold Lake, across which it runs in a south-eastward direction, 
forming several islands, and the whole of the eastern shore. On a con- 
tinuation of this course, it passes to the southern end of Knowlton Lake, 
where its position has already been noted by Mr. Murray, in his Report 
just cited. The south-eastern outcrop on the opposite side of the syn- 
clinal, the course of which has already been indicated, after running 
for a short distance to the westward with the Buck Lake outcrop, 
separates from it, and running to the eastward of Spectacle and Draper's 
Lakes, and then westward to the south of these lakes, forms an indenta- 
tion corresponding to the bend on the opposite side of the synclinal at Otter 
Lake, but of much smaller extent. Beyond this position it again turns 
to the south-west, enters Eel Lake, and passes beneath its waters 
to Stoat's Lake, where it runs under rocks of Lower Silurian age. In 
this south-western portion of the synclinal, namely, between Gold Lake 
and the head of Eel Lake, the rocks are precisely similar to the phos- 
phate-bearing series of North Burgess, and apatite has been found in a 
number of places. I would especially note here the occurrence of mas- Hafciiesiaii iime 

* 1 stone dolomites 

nesian limestones, and almost pure dolomites with grains of steatitic v^^ >«n>entine. 
pyroxene, and green or yellowish-green serpentine. A similar dolomite 
also occurs in several places in North ifturgess, accompanied by Eozoon. 

This ocourrence of magnesian limestones, with serpentine and Eozoon^ 
in synclinal forms or basins, at the very summit of the whole rock series 
in Loughboro' and Burgess, is a point worthy of special consideration ; 
as it will be remembered that the JEozoon found in Madoc and Tudor 
townships, in the county of Hastings, occurred in similar basin forms of 
rock, and was associated with a great deal of dolomite, in which, how 
every serpentine was not observed. In the sequence of rocks traced 
through Olden, Oso, South Sherbrooke and Bathurst, neither dolomites 
nor magnesian limestones have been observed. 

The sudden contraction and re-oxpansion of these synclinal forms in ^^^ ^^^ ^^^ 
Loughboro' is due to the existence of a number of east and west dis- ^^^' 
locations or faults, the true nature of which has yet to be investigated. 

PHOSPHATE OF LIMB IN THE EIGHTH CONCESSION OF NORTH BURGESS. 

The numerous deposits of apatite or phosphate of lime, which occur North finrgesi, 
o the eighth concession of the township of North Burgess, from lot A Son!*' ^''^^^ 
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to lot number leTen, hkvt low been exumned in detail, and measmements 

made of npwanis of one hundred and forty-fiTe openings.* 

Lot A-^^o ma en cin g whii ibe most easterly of these openings, namely, 

on lot A, OQ property ownei hj Mr. Flaibeity, an excavation has be en made 

near the ade One between iLis lot and lot somber one, and about twenty 

cbains to the north of the road leading into the Bitcbie ft Jackson 

phosphate mines. This oj*ezkiitf iras about four feet deep, and measured 

twelve feet in length bj eigbt in widih. Ibere is no appearance of a 

vein, nor eren of 9c>lid rocL. in it. and the phosphate occors only 

ID loose masses, ezabeodei in a micaeecns and pyrozeme debri*. Previous 

to the date of mx exiisina;i:«iu at^mt fire txms of a coarsely granolar 

apatite had been extrACT<ei. Tir^ other openings on this lot, nearer dte 

rcAd just meniioDed, sb?w apatixe in pockets, in a nmilar micaceous and 

pyroxenic mainx. will :• at any a;^«aran;e of a ran. Apatite also occurs 

on other parts of lot SL Xi rr^ziDi lelonjng to Mr. Watts, but has not 

yet been ^pened npM;. 

L-M 1 iist lULF. — C^ tbe east hiuf of bt one, owned by John 

Watts, the mineral riiit c^ wLiri, h^werer, has been sold to Me^s. 
M.rris i: Gii£n, of WaTerr.iTrjizc:, Ei^land, acTeral openings have 
b«^n made. They are a$ fzG.ws 

15*: »;. V ^"* 1 ^ *^^ ^«'* — -ti^rdu seven feet wide, and fifteen feet 
decK on a xeiti or bed .^^ rrr^e-x inassre anatite, which strikes in an east 
aiid we>t «ii:>ec:i.'>in. Tris Tt::i. ac i«ei raries from one to two feet is 
wiiih, and i$ ez^rj^s^i :ir :«M;;iiif>i ly walk of a dark qnartiofie aoi 
Eucacevvos h:»r::Vkr?5c cr Tjr.Mfur fiteass. From it aboat fifteen toos 
of apjitiie. cf a £r»i c'iiltx, Lar* l.e« c»r.:iaaed. Hie podtioii of this 
ope:^:;^ i$ cl-^ x.-^ ti^ s:lf luf :«er»«a j,-<b A and one, and aboai 

cvtx^^f ic tie mair ri; x: Mr, Fiaiierrr's TCM<rrr. 

* * » • « • • 

!*.•' ^ r.c 3V i a':*:!:: liJ* a ::*aii *c tie X. W. of Xo. 1, is about 35 
fce: ir kt^^ aiii t :«-: ii itriL, re a -rei. or bed which strikes X. 15^ 
E, Fr^js: :: a^:»it xer t::;? :c ^:«.>i apaiLie hai^e been obtained. At tie 
date :■: ar nscu i»: w.ci wa^: :i Tc:,r:^aB ; ;ie rrMind was cooaiderablT 
vMerrr\^wL ar:.; ti?^ ^t^-, ^ £.vi v.ti .:.'•->*. 

0.*f% *.: y.\ S iv rv'^i.TT-i-f liis — tb* ^^esi a[ Xo, 2, and is 4') 
fr^t in lez^ti. iz a X. E Lr-:-:r;.cL. 5 r 11 feex wiie, and 12 feet deef 
ia li^' 5^i^;ie55t rvar:. I: i? .-c a i^ > -s.:. j.TtiLrett-T a bed, idudi for orer 
fi^<^x i^: aT^ra^ tirw rV--: :i. ▼.Iri. Fr:cL tie zk3rdi<asl«i enl d 
iht c^^^'Z^'.z a ST.ir rtLiij :»f ;^ a D:irUffr> iinecsiiB. The amomi d 
^x^kZ.Tt exTra^'Ti^i :$^ a<^ 3?^ tr > j^ I :»:.- i 'jiar:L. fftx iros, aD rf mt)i 
w» .c £r?i:-:.is? ;:ii«:T. At i:»i z:sii af air xist. tibe b>taffliof tte 
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trench was covered by water and dihrii^ and no work was in progress. 
In opening No. 2, as well as in No. 8, the adjoining rock contamed but 
little mica, and was largely composed of a dark hornblende or pyroxene, 
and reddish orthoclase feldspar. 

Opening No. 4 is about one chain to the N. W. of No. 8. It is a 
trench thirty feet in length, on a bed of calcite containing crystals of 
green apatite, and striking in a N. E. and S. W. direction. It has been 
sunk in one place to a depth of twelve feet, and altogether there have 
been obtained about three tons of apatite in crystals. This opening had 
also been abandoned previous to my visit. 

Opening No, 5 is a little to the N. W. of No. 4. It is a trench, 
thirty feet in length, ten to fifteen feet broad, and twenty-five feet deep, 
on a bed of red calcite parallel with that in No. 4. At the time of my AMUte in 
visit it was half filled with water, as no work had been in progress for 
some time. The apatite occurred in crystals and groups of crystals in 
the carbonate of lime. 

Opening No. 6 is about one chain to the west of No. 5, and is roughly 
parallel to it. It is an open cutting, twenty-five feet in length, twelve in 
breadth, and about thirty-five feet deep at the deepest point, over which 
a derrick has been erected. At the bottom the vein is said to be over 
three feet in width for a distance of twelve feet, but as the opening 
contained about ten feet of water at the date 6i our examination, I was 
nnable to verify this. Upwards of eighty tons of excellent apatite had 
been extracted and removed. 

Opening No. 7 is just one chain to the south of the derrick at No. 6 
It had been sunk on two pockets of apatite to a depth of tvrelve feet, and 
three tons of the mineral obtained. No work was being done here during 
my visit. 

Opening No. 8 is a trench running N. 70° W. It is about one chain 
in length, and is sunk in one place to a depth of twelve feet. The amount 
of apatite raised is not known. No work in progress. 

Opening No. 9 is about two chains N. 80° W. of the derrick at No. 6. 
It is on a group of three pockets, each of which has yielded from one to Aiiatite orystait 
two tons of phosphate of lime in crystals. These crystals are embedded 
in a whitish or pale flesh-coloured carbonate of lime. 

Opening No. 10 is about twelve chains N. 76*^ W. of the derrick. It 
is ten feet by four feet, and five feet deep. Here the apatite also occurs 
in crystals in calcite. The openings Nos. 7, 8, 9 and 10 will probably 
not lead to anything of importance. 

Opening No. 11 is two and a half chains N. 60° E. from No. 10. It 
is an open cutting o? about sixty fset in length, four feet wide, and from 
four to five feet deep. Towards the centre a pit has been sunk to the 
depth of twelve feet. This cutting was first commenced for mica, but 
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was sabsequeotlj worked for apatite, about five tons of which were 
obtained. The apatite occaired in the form of crystals m a matrix of 
calcite. I observed some large crystals of a dark coloured mica on the 
ground, upwards of one foot in diameter. 

Opening No. 12 is about one chain to the south of No. 11. It is a 
trench about thirty feet in length, three in width, and from seven to eight 
feet deep, from which three tons of apatite have been obtained. This 
opening touches upon the centre line of the lot. 

Opening No. 13 is two chains N. 7(f W. of No. 1. It is eight feet by 
six feet, and seven feet deep. The rock at the bottom of the opening is 
a dark bluish, quartzose gneiss, and the apatite occurred as an irregular 
layer or patch overlying this floor of rock. About six tons of very good 
mineral had been extracted. 

Opening No. 14 is fifteen feet N.W. of No. 13. It is close upon six 
feet square, and about twelve feet in depth. The rock at the surface is 
soft and very micaceous, but in depth becomes very quartzose, and resem- 
bles the rock in opening 13. I could not ascertain the amo^nt of phos- 
phate which had been taken from this pit 

Opening No. 15 is one chain north of opening No. 1. It is a ditch 
eight feet in length, three in breadth, and four feet in depth, from which 
five tons of apatite were obtained, but is now filled in with debris and 
much overgrown. 

Opening No- 16 is about three chains north of the derrick at No. 6. 
It is mne feet long, six feet wide, and ten feet deep. The surrounding 
rock is the same pyroxenic variety of gneiss already several times noted, 
and the apatite cccurs in an irregular form, in a matrix of carbonate of 
lime. The sides of this opening have now fallen in, ano! there is but little 
trace of the mineral. I could not ascertain what quantity of it had been 
obtained. 

Opening No. 17 is only a few feet N.E. from No. 16, and is sunk on a 
rock of like character. 

Opening No. 18 is three-quarters of a chain west of 17. It is eight 
feet in length, six feet wide, and seven feet deep. The rock is pyroxenic 
gneiss, and intermingled with it there occurs a good deal of carbonate of 
lime in pockets and small veins. I could see but littie trace of phos- 
phate. 

Opening No. 19 is about one chsdn north of the derrick, and is nearly 
eighty feet in length, and from four to eight feet wide. It is in a vein or 
bed of apatite, which strikes N. 60^ W. In one place a pit has been 
sunk on the vein for twelve feet, but the average depth of the cutting does 
not exceed seven feet. It is not easy to make out the bedding of the 
surrounding rock, which is a feldspathic granite or gneiss, but in places it 
appeared to be horizontal. This is a promising deposit, and from it there 
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tiiere have already been obtained upwards of twenty tons of good markets 
able apatite. 

Opening No. 20 is half a chain west of the derrick. It it a shallow 
opening, having an area of about 120 square feet, from which about five 
tons of apatite had been taken. It may be remarked here, that this sin- 
gular superficial form of deposit is hat little understood, and that it is 
of frequent occurrence. 

From the foregoing twenty openings, close upotf three hundred and fifty 
tons of good marketable phosphate of lime have been raised and sent 
away. During my visit Mr. W. Davis, agent for Messrs. Morris and 
Griffin, of Wolverhampton, England, was at work with five men, who were 
raising good apatite, chiefly on opening No- 19. 

Lot 1, WEST half. — The western half of this lot is owned by E. 
Flaherty, hot the mineral right has been leased by Messrs. Meighen & 
Morris, of Perth. On it, there are also a number of openings, but Only 
two appear to be of importance. 

Opening No. 1 is about ten feet square, and is situated twenty feet 
from the centre line of the lot, and about one-third way back from the 
seventh concession line. It is on an irregular vein of green apatite run- 
nmg in-a north-westerly direction, through a rock composed of a mixture 
of pyroxene, feldspar, mica and carbonate of lime. In one comer of this 
opening, the apatite has a width of over two feet, and altogether close upon 
twenty tons of mineral have been obtained. A few feet to the westward 
again, there is another opening, shewing a great deal of a dark-colored 
mica, with but little trace of apatite. 

Opening No. 2 is about three chains S.W. of No. 1. It is eight feet 
long, four feet wide, and only four feet deep. Hero a vein of green 
apatite was uncovered, striking N. 30° W., with an average width of six 
inches, from which there bad been obtained over seven tons of a very fine 
quality of apatite. 

Lot 2, morth-eastehr half. — The north-east half of the second lot ia 
the eighth concession is owned by J. Halliday, and the mineral right by Dr. 
Wilson and the Hon. A. Morris, of Perth. Here there are six openings. 
evening No. 1 is close to the wde line between lots one and two, and 
just beside Mr. Flaherty's gate. It is about six feet by four, and four 
feet deep. I could see no apatite, but noted a vein of sulphate of baryta, s 
which appeared to strike N. 10° E. 

Opening No. 2 ia half-way between the last and Otty Lake, and is three 
chains from the side Une of lot one. It is eight feet in length, three in 
width, and over five feet deep. The vein of barytes also traverses this 
opening, but I could only observe scattered indications of apatite. There 
ia a conaderable quantity of white crystalline limestone in the vicinity of 
both of these openings 
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ing No. S is near the middle of the half lot, and about balf-vaj 
the Ritchie & Jackson road and Ottj Lake. It is a trench 
N. 70° E., for a distance of seventy-five feet, and is three feet 
d three feet in depth. The only trace of apatite observed wss 
the sonth-west extremity, where a vein of a reddish color, three 
3 thickness, appeared to strike N. 70° W. 
ing No. 4 is one chun north of the vein in No. 3. It is a treoch, 
long, three feet wide, and of irregular depth. In it, apatiu 
1 at several points, but in very sparing qnaiiti^. The enclo»iig 
rery soft and micaceons, and contuns a considerable qoantit; of 
e. 

ing No. 5 is dose to the side line, towards the centre of the lot, 
ist across the road from No. S. It is eight feet in length b; two 
, and is in a vein of apatite from three to six inches wide, striking 
west The walls of the vein are very micaceous, and the enclos- 
is a reddish granitic gneiss. Three tons have been raised. 
'jtg No. 6 is almost upon the centre line of the lot It is nine 
ength and three feet in breadth, and a little over four feet deep. 
f apatite traverses it, striking N. 80" W., with an average thick- 
Hz inches ; over eight tons of good phosphate have been obtuned 

:, BOUTH-WEST HALF. — On the south-nest half of lot tvo in the 
Dncession, there are upwards of tinirty openings. Both land and 
are owned by the Hon. R. Matheson, of Perth. 
'iig No. 1 is near t^e centre of the half lot and about seventy 
om Otty Lake. The soil has been removed to the depth of 
., and a vein of red and green apatite exposed, having a width of 
[ inches, and striking N. 80° £. The countiy rocks here ue 
lie granite and greyish quartzite. This vein has a promimg 
kce, and although it ia narrow at the surface, may, like mm; 
eins, expand in depth. 

ng No. 2 is near the centre line of the lot, and about 120 yards 
ty Lake. It is on the side of a bill, which exposes a verticil 
.patite having a thickness of twelve inches. The side walls ire 
Dured and very micaceous, and the surrounding rock is gianitic 

Mg No. 3 is about two-thirds of the way across the half lot. It is 
it in length, four feet in width and about three feet deep, and 'a 
i of green phosphate which strikes N. 10" W.,having a tiiickneej 
from three inches to two feet. The surrounding rock is qnarbose 
litic, and in places is rust-coloored. Only two tons of apatite had 
racted at the date of my visit. 
»9 No. 4 is about eighty yards from the side line of lot three, 
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and forty yards below the Ritchie & Jackson road. It is three feet by 
five, and a little over three feet deep. A vein of green apatite is exposed, 
and traverses the opening in a north-easterly direction, varying from two 
to four inches in width. The immediately adjacent rock is very mica- 
ceous, but the general character of the gneiss on the lot is quartzose and 
granitic. 

Opening No. 5 is also eighty yards from the side line of lot three, but 
is about fifteen yards nearer to the road than opening 4. Here a vein of ^^ 

coarsely granular green apatite striking in an east and west direction, and apatite, 
from twelve to eighteen inches in thickness, has been stripped for 
seven feet. The enclosing rock is likewise a quartzose granitic gneiss. 

Opening No. 6 is a pit eight feet square, and about six feet deep. It 
is in the comer formed by the side line of the third lot (McKinley's) 
and the Ritchie & Jackson road. A vein of apatite crosses the 
opening diagonally, striking N. 70^ W., and is from six to eight inches 
in thickness, where exposed. The bottom of the pit, however, is covered 
with stones and dSbris. I observed a considerable fmount of a very 
black mica in large crystals on the eastern side of this excavation. orbSMkoJcaT 
The rock appears to be granitic gneiss of a dark colour. I was informed 
that, in all, five tons of apatite had been shipped from this vein. 

evening No. 7 is about ten feet S. 60® E. from 6, is six feet by four, 
and four feet deep. A vein of apatite is* exposed for a distance of 
five feet, striking N. W. and averaging at least twelve inches in thickness. 
The rock is still granitic, with but little mica. One ton of apatite 
was obtained here. 

Opening No, 8 is about ten yards above the road, and eighty yards 
from the side line of lot three. It is six feet in length, from two to 
four feet wide, and five feet deep. A vein of apatite with mica, three 
to four inches wide, is exposed striking east and west. The surrounding 
rock is soft and very micaceous at the surface, but in depth becomes 
very hard and difficult to drill. 

Opening No. 9 is near the centre of the half lot, and ten yards 
above the road. Correctly speaking there are here two distinct but fieaatum veia 

of apatite. 

very irregular openings five yards apart. These have been made 
upon a bed or bedded vein, striking in an east and west direction, and 
averaging ten inches in thickness. This is a beautiful vein, aD'^ the 
apatite is of excellent quality. The soil thrown out of both of the 
openings abounds with mica, and the immediately underlying rock is a 
rust-coloured gneiss. 

Opening No. 10 is in the side of a hill, towards the centre of this 
lialf lot, and about one quarter of a mile above the Ritchie & Jackson 
Toad. It is ten feet in length, four feet in width, and about five feet deep, 
^nd exposes a beautiful vein of green apatite, striking 17. 75^ W. and 
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^tn twelve to twenty-four iocbes for a length of eight. 
are is granitic in parts, and again appears to be largely 
J dark honiblende, with but little mica. Upwards of 
: apatite have already been obtained. 
L ia situated about fifty yarda W. N. W. from No. 10. 

length by five in width, and for a distance of eighteen 
: to the depth of twelve feet. A beautiful vein, or more 
"een apatite has been exposed, striking east and west, 
least two feet in thickness. From this opening sixty 
\ty have already been obtained. The walls of tl^ 
Eire regular and well defined. 

I is about five yards to the eastward of No. XI, and is 
e same bed or vein. It is a stripping, fifteen feet in 
it in width, and exposes a bed or vein of green ap&tite, 
i twelve inches in width. The strike is still east and 
erlie 75 degrees to the northward- This is among the 

the deposits of apatite in this concession. Upwards of 
lineral had already been obtained from it. > 

} is twenty yards north of No. 10. It ia a trench 
!th, on a six-inch vein of green apatite, with which is 
deal of black mica. The direction of the trench aud 
tbably bed, is N. 80" W., almost parallel to that at 

I includes two small pits, seven feet apart, on a vein 
., ^tuatfld about fifteen yards N. £■ of opening No43. 
not yet been reached, but the soil abounds in pyroxene 
ards of half a ton of apatite has been obtained. 
5 is twenty yards to the north of No, 14. It is )• 
n length by four feet in width, and is twenty-five feci 
g exposes one of the finest veins or beds of apatitg I 
h. It averages at the bottom of the cutting at lea^i 
green phosphate, and I was informed by the miners, 
r part of the twenty-five feet it had measured fully four 

of this bed or vein is N.W, and S.E, It is in a 
ith well defined walls composed of a hard, dark, granitic 
' 120 tons of good apatite had been obtained from this 
I date of my visit. 

' b a small opening forty yards N.E. of No. 15. I: 
and only three feet deep, and is made on a number oi 
( green apatite, of but little importance. The accom- 
;ametiferou3 gneiss, striking N. 82° W. 

is situated about 100 feet to the south-eastward of the 
ing No. 15- It is a trench of about fifty feet in length 
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fcj four feet in width, and bears N. 75" W. A fine vein of greer 
-with mica is here exposed along the full length of the opening, bE 
average thi'ckness of three feet. The adjacent rock is of a 
character- Five tons of firsi quality phosphate of lime had been < 
prior to the date of my examination. 

Opening No. 18 ia twenty yards N.N.W. of No. 17. It is 
feet in length, fi?e feet in breadth, and about six feet deep. Here 
fine vein of green apatite ia exposed, striking to the north-westn 
perhaps averaging two feet in thickness. I observed a cons 
quantity of a light- coloured mica in large crystals toward the end 
cutting, which may yet become of value. The deepest part 
opening is thir^ yards from Che centre line of the lot- Altogeth< 
has been obtained from it twenty-five tond of good apatite. 

Opening No. 19 is fifteen yards N-W- of No. 18. It is a 
feet long, four feel wide, and about six feet deep, sunk upon a 
green apatite which varies from six to eighteen inches in tblcknei 
apatite is accompanied by large quantities of whitish mica in f 
crystals. This appears to he a continuation of the vein or bed at 
No- 18, aa it is exactly on its strike, and both openings show t 
association of apatite and white or light-coloured mica. Upward! 
tons of apatite had been obtained from this small opening, The 
rock is still of the same granitic character- 

Opening No. 20 is 100 yards north of the windlass over opei 
15. It is fifteen feet in length by four in width, and is only P 
deep- The apatite occurs in the form of a series of pockets trav 
very micaceous and pyroxenic rock in a north-westerly directic 
Bear as could be made out N- CO^ W. I was informed that 
of phosf^te of lime had been obtained. 

Opening No. 21 is about twenty yards W-N.W. of No. 20. 
ttripping about six feet in length, and exposes a vein of greec 
eighteen inches in width, for a distance of five feet. 

Opening No. 22 is thirty-five feet in length, from three ti five 
width, and from four t» seven feet deep. It exposes a vein < 
apatite, varying in thickness from two to three feet, and striking L 
and west direction. The adjacent rock here is syenitic- Ovei 
tons of jirtt-etait apatite had been obtaioad prior to my arrival- 
to say the exact position of this opening was acoidentally omittec 
notes, but it is within a few yards of No. 21. 

Opening No. 23 is about twenty yards nearer to the windlass 
15. It is a trench thirty feet in length by six in width, and is 
deep. A Tein of green apatite, eighteen inches in thickness, h 
-exposed, striking N. 75° E-, with an underUe of 80 degrees in a c 
<lirectaon. About forty tons of a fine green apatite had been obi 
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8 a small Bur&ce excaradon near tbe east end of 23, 
ipaUte about twelve inches in duckuesa. 
is twenty-five yards W.N.W. of No. 22, on a vein 
teen inches in width- It occurs in a very soft and 
s rock. 

is on the side of a hill about the centre of the half 
■arde W.N.W. of No. 25. It exposes a vein of 
icknesB of eighteen inches, but the mineral is much 
booate of lime. 

is twenty yards north of the iaat ; it is on a vein or 
en apatite, which strikes N.W. and S.E., and has 
a distance of twenty feet. Upwards of five tons 
(rom the surface. The walls are of hard, gramiic 

is thirty yards east of No. 27. It is ten feet long and 
id exposes a vein of apatite eighteen incbes thick, 
i.E; and in similar granitic rock, 
is thirty yards east of No. 28, and exposes a vein of 

thickness, striking N. 10=' W. Openings Noe. 27, 28 
llel and equidistant veins. 

is thir^ yards N-W. of No. 29, and is nx feet long by 
A an irregular maas of green phosphate. 
OT. — On this lot, nu mber three in the eighth concession, 
f twenty-four openings, the moat extendve of wbicb 

Messrs- Ritchie & Jackson of Belfost,'Ireland, up to 
1871. These last have already been referred toinmy 
phat« of lime deposits of North (Burgess in the 

1871-72, page 125, but fiirther invesdgatjons have 
1 of additional important facts relating to this grand 

Commencing with Messrs. Ritchie & Jackson's 
ing are the most important of the openings. 

the main shaft. It is situated almost immediately to 
1 through the lot, and about two-thiids of the way 

line of lot two. (See accompanying plan of North 
i is about «x feetsqoare, well timbered with cedar and 
ink vertically to a depth of thirty feet through a very 
jneiss. It is on a bed or vein of greenish phosphate 
been found to vary in thickness from eighteen 

as seven feet. At the time of -my visit there 

descending this shaft, as the ropes and buckets 
from the vindlass, and no work 'had been in pro 
). At the depth of thirty feet, the vein, which 
lad been nearly vertical, pitches to the northward 
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60*, and on being followed in this direction was obserired to graduf 
lessen in dip, until, at twelve feet farther down, it became nearly horii 
tal. Twenty feet S- 35' E. from the shaft, a roan-hole three feet squ 
and timbered with hemlock, has been sunk for the purpose of fentilai 
to a depth of twenty-seven feet to the vein. At a distance of sixty 1 
S. 55*^ E. &om the shaft, another hole three feet square has been sunl 
a depth of Siteen feet, through a qnartzoae gneiss on to apparently 
same vein, and fire tons of phosphate were obtdned. Forty yards 
55''' E. from the shaft, a trench has been cut to a depth of ten I 
through the same quartzose gneiss. This cutting runs to the north-e 
ward for about fifty feet and into a swamp. It was made for 
purpose of tapping the vein and draining the workings, but in this 
miners were not successful as the vein was not struck. An adit It 
has likewise been driven through a very hard gneiss for a diFtanci 
thirty yards, on a bearing S. 80" E., from the man-hole, beyond wl 
it continues as a trench twenty feet in depth for a hundred feet fartl 
bearing N. 65° E. On this last hearing a small vein of green apadte 
exposed. Beyond this point the trench turns off sharply to S. 70'' 
for fifty feet, torminating in the swamp. In this distance a second si 
vein was exposed. From these two veins on the course of this tren 
over eighty tons of apadto were obt^ned. The level did not pr 
very successful, as it only driuned the shaft to a depth of twenty- 
feet, below which the water had to be pumped out. A vein 
apatite, probably a shoot from the main deposit, has also been folloT 
for thirty feet in a northerly direction &om the main shaft. Wl 
the shaft was twenty feet deep, an adit level six feet in height 
three or four feet in breadth was driven through a black micace 
rock in a north-easterly direction for a distance of sixty feet. A le 
was then commenced from the side of a bill and driven forty 1 
towards the adit, when all work was stopped, leaving about forty yardi 
rock between the ends. Altogether the main vein or bed has been worl 
for a distance of eighty-five feet, and to an average depth of twei 
five feet below the surface. As previously stated it reached a maxim 
width of seven feet, and, varied from this to eighteen inches. The avert 
width may be estimated at three feet. The apatite now shows at 
bottom of the shaft and cuttings as pockets in a dark and V' 
quartzose gneiss rock, and it is worthy of note that the phosphate hen 
not much associated with mica. As nearly as I could ascertain, upward 
450 tons of first class apatite have already been obtained from this v( 
Opening No. 2 is forty yards from the side line of lot four, and ] 
yards south of the road. It is a trench forty yards in length in an ( 
and west direction, three to four feet wide, and from six to fiftoen f 
deep, which has been made by blasting entirely through a hard grej 
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ss. The vein is rongUy parallel to that at No. 1, and is 
ill i?idtli of the trench. I regret to have to state that work 
> been suapeoded. About fifty tons of good apatite were 

le side line of lot four, I observed a large maas of solid 
must have contuned close upon fifteen cubic feet, lying 
a cavity in the soil from which it probably was raised. I 
indications of a vein in the adjacent rock, which is a garneti- 
I, but this loose mass is in all likelihood connected with the 
tiate of baryta, that is known to exist upon the fourth lot in the 
Ijacent concessioD- The barytes is opaque white, lamellar, 
I no impurity, except small grtuna of copper pyrites. 
iVo. 3 is on the west side of the hill into which No. 2 cuts 
itward. It is a trench, twelve feet in length by twelve io 
;h a feldspathic granite, and bears S. 70° E. following an irre- 
apatite. This vein has been traced from opening No, 2, in alia 
fifteen yards. About ten tons of phosphate have been 
Che strike of the gneiss, 200 yards to the south of the mm 
ning No. 1, is N. 60° E. 

No. 4 is about 150 yards from the side line of lot two, and 
yards below the road. It is a cutting ten feet in width and 
a depth into the north side of a hill. The apatite, which is 
icurs in a series of pockets in gneiss. 
JVb. 5 is about tbirty-fii'e yards N. 70° E. from the m^n 
I fifteen feet in length, eight feet wide, and averages about five 
li. The apatite occurs in pockets in a loose feldspathic rock, 
Dpaoied by a great deal of greyish mica in large crystals' Ten 
pb^te have been obtained. 

No. 6 is two-thirds of the way across this lot from the side 
two, and about 75 yards from, the shore of Otty Lake. It is 
noovering or stripping of the rock, exposing several irregular 
patite, from which about two tons have been obtained. 
No. 7 is about seventy yards from the side line of lot four, 
1 opening No. 6, and sisty yards from it. It is an opening 
Qg, five feet wide and three feet deep, on some irregular 
jjreen apatite, which are embedded in a very micaceous rock, 
are obtained. 

No. 8 is about seventy yards from the line of lot four, and 
J above the road-* It is forty yards in length, in a bearing 
four feet in width, and from six to eight feet deep. Here a 

referred to in this aod all of tb« foregoing deacriptions of openinga is car- 
rn OD the accompanjiug plan of Norih SurgesB. 
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lieaiitiful Tein of red and greenish apatite has been exp 
through a quartzose and pyroxenic gneiss, and having a 
inches. From thia vein, about thirty tons have been obtain 
the north-eastern end of the opening, a vein of iron pjrit 
nine inches in thickness, accompanies the apatite for a ( 
feet. This association of iron pyrites is not of uncotnm( 
amongst the apatite veins of North Burgess, and I have 
stances observed both of these miaerals intimately intet 
granular form. 

Opening Ko. 9 is about ten yards N.JI.E. of No. 8. 
in form, twelve feet in depth, and is apparently on a ji 
veins, namely, that from opening No. 8, and another vei 
N. 75° E. The rock between the converging veins is i 
width, and the side walls ol the veins are clearly defined 
of fifteen feet. Upwards of forty tons of apatite have been 
this opening. 

Opening No. 10 is thirty yards S. 75* W. of No- 9. ] 
fifteen yards in length, five feet wide, and ten feet dee 
apatite striking N. 75° E. At or near the surface this 
two feet in width, but in the bottom of the cutting it now 
about four inches. The surrounding rock is a red felds 
Fifty tons of good phosphate have been extracted and 3hip[ 

Opening No. 11 is about seventeen yards N, 80° E. o 
six feet by eight, and about six feet deep, and upon a p 
apatite occurring in a feldspathic granite. About four ton 
have been obtained. 

Opening No. 12 is forty yards east of No. 11, and abot 
N.N.W. of the main shaft No. 1. It is a cutting fifty 
five feet in width, and five feet in depth, on a vein of apa 
the same direction, and from this superficial working twent 
phosphate have been obtained. 

Opening No. 13 is just seven yards north of No- 12. 
cutting sixty yards in length, five feet wide, aid of an av( 
fifteen feet, on a vein of phosphate striking to the N.W. > 
pit has been sunk to the depth of thirty-five feot. The co 
very quartz(»e and of a granitic character. Towards the n 
of the vein there is a good deal of mica in crystals. The i 
of the vein is about two feet, and from it there has been obt! 
otjirit clots apatite. 

Opening No. 14 is about fifty yards N.N. E. of the main 
and twenty yards E-S.E. of opening No. 13. It is ten feet 
-wide, and eight feet deep, on a pocket of apatite occarrii 
from which four tons have been taken. 
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Opening No. 15, close by the last, b tweke feet long, four feet 
de, and five feet deep, on a series of irregular pockets of green apatite, 
nning N. 60^ W., from which about five tons of phosphate were ex- 
acted. 

Opening No- 16 is fifty yards N.W. of No. 13, and is eight feet in 
ngth by four in width, and four feet deep. It has been made on a 
ries of pockets containing apatite and mica, which appear to bear in a 
. W. direction throngli a feldspathic rock, containing but httle quartz. 
bout Gye tons of apaute hare been obtained. Close by there is a 
}od exposure of gameliferous gneiss striking east and west. 

Opening No. 17 is about 100 yards in a northerly direction from 16, 
sar the centre of the lot, and about two-thirds of the distance from the 
ont of the same lot. It is twenty yards in length in an east and west 
irectJon, four yards wide, and about five feet deep. A branch cutting, 
iree yards wide and six feet deep, runs off 3. 20° E. for a distance of 
ighteen feet on another vein of apatite. The mineral is associated with 
arbonate of lime in pockets, from which nearly 100 tons of good phos- 
ihate of lime have been obtained. The immediately adjoining rock is a 
ard granitoid gneiss. 

Opening No. 18 is ten yards N. 70® E. from No. 17, and is six feet 
mg, four feet broad, and five feet deep. It is in a vein of green apatite 
lat is s^d to have averaged seven inches in thickness, bearing N. 55° W., 
ad dipping at an angle of 70° to the north-eastward. About two tons of 
pa^te have been obtained- 

Opening No. 19 is ten yards to the eastward of No. 17, and is very 
imilar to it. It is twelve feet long, six feet wide, and six feet deep, on 
locketa of apatite in a matrix of carbonate of lime. About five tons of 
tpatite have been obtained from it. The surrounding rock is gamet- 
ferouB gneiss, striking east and west. 

Opening No. 20 is about 110 yards west of No. 17, and has a wind- 
E18B erected over it. It is a trench twenty feet long, four feet wide, and 
rem five to fourteen feet deep, on the course of a vein of apatite aver- 
Lging twelve inches in thickness. The surface rock is here very soft and 
Qicaceoos. Towards the rear of this lot there occurs a mass of pellucid 
rhite quartz which has been quarried to a small extent. From its purity 
t would, perhaps, be of value for glass manufacture. The strike of tbe 
rneisB on this part of the lot is N. 70" E., and the dip appears to be south- 
lasterly. 

Opening No. 21 is in the side of a hillock to the south-east of An- 
irew's lake, about three-eighths of the way across the lot, and 300 yards 
iom the concession line. It is merely a stripping, expoang a narrow and 
rregular vein of apatite, averaging perhaps four inches, and much mixed 
with carbonate of lime. The rock is a micaceous gneiss. 
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Opening No. 22 is twelve yards N. E. of No. 21. It is an excava- 
tion twelve feet wide, and has been cut for eight feet into the side of a 
hill. There is not the slightest appearance of a vein, jet I was informed 
that over ten tons of green apatite had been extracted ; the mineral is 
said to have contained a good deal of black mica. The rock here is a 
gametiferoos gneiss, striking east and west, with southerly dip <]60^. 

Opening No. 23 is also in the side of a hill and 15 yards to the N. E. 
of No. 22. It is a stripping, twenty feet in length, and three feet deep, 
on a vein of green apatite, striking N. 25° W., and about seven 
inches in width. In another place, close by, the apatite exposed 
measured two feet across, but I could not decide whether this was a vein 
or not. A little over one ton of apatite was obtained. The country rock 
is still gametiferous gneiss. 

Opening No* 24 is about seventy yards from the side line of lot two, 
and about three furlongs from the point of the lot. It is a trench fifteen 
feet long, four feet wide, and three feet deep, bearing N. 80^ W. Two tons 
of apatite have been extracted. 

Lot 4. — On the fourth lot of the eighth concession, the property Lot 4, eightit 
of Edward Flaherty, there are only four openings of importance. They 
are as follows : 

Opening No, 1 is on the upper side of the road through the lot, and 
about two-thirds of the way across firom the side line of lot three. It is 
twelve feet long, five feet broad, and about five feet deep, and was sunk 
on a vein of phosphate of lime striking N. W. and S. E. This vein is now 
completely exhausted, about three tons of apatite were obtained firom it. 

Opening No, 2 is eighty yards firom the side line of lot five, and forty 
yards above the road. It is twenty-five fo^t square, and sixteen or 
seventeen feet deep, on what at one time appeared to be an irregular 
mass of apatite, firom which I was informed 300 tons had been obtamed. 
The deposit is now quite exhausted. 

Opening No. 8 is twelve yards, W. N. W. of No. 2, It is seven feet 
long, three feet wide, and six feet in depth, and is on a mass of loosely 
granular apatite, from which three tons were obtained. There is no 
appearance of a vein in either this or the last locality. 

Opening No. 4 is forty yards from the side line of the lot, and between 
it and pit No. 8. It is ten feet in length, four feet wide and seven feet 
deep. Four tons of apatite were obtained from another irregular 
mass. The apatite deposits on this lot, as represented by these four 
workings, may be said to be exhausted. The openings were chiefly made 
by Edward and Andrew Watts, during the year 1871, when they held 
the mineral right of the property. 

Lot 5. — Lot five of the eighth concession, belonging to the Hon. R Lots, eighth 
Matheson of Perth, has a great many shows of apatite. I examined S^SoilSglk'''^ 
in all some thirty-eight openings and strippings. 
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ent; yards from the side line of lot four, and 

viit of the lot. It is a slight stripping, exposing 
and mica, about twelve inches wide, string 

spathic rock. 

ij yards west of Ko. 1 ; and is seven feet bj four, 

ipatite shows in the bottom for a width of two 

; 'S. W. and S. E. with micaceous side walls. 

was not sufficiently stripped to enable me to 
Over five tons of apatite have been obtained. 

iteen yards west of No. 2, and is a stripping, 

ve inches. 

at the centre of the lot, and twenty cbwna from 

is also a stripping or superficial opening, exposing 
with mica, striking N. 60° W., and measuring 

rock is a micaceous gneiss. 

' yards N. 80° W. from 4, and is a stripping 

tite eighteen inches in width for a distance of 

it N- W. through a granitioid gneiss. 

nty yards N. \b° E- from No- 5^ It is a strip- 
apatite running N. 15'' W., and varying from 

!n this direction, at the north-west end of the 

iches wide diverges to the westward. Two tons 

racted at the distance of twenty feet N. 15° W. 

emoved, shewing a continuation of the same vein, 
yards below the road through the lot, (see map) 

rds N. 55" W. of No- 6. It is a stripping showing 
N«W. and S. E. and varying from five to twenty- 

The country rock is a red feldspatbic granitoid 

enty yards below the road. It consists of three 
eia of green apatite for a length of ten yards, 
)ugh red feldspatbic rock, and averaging about 

SB. 

nty feet south of No. 8. It is a stripping, five 
in width, exposing a vein of green apatite two 
lb" W. Another vein, six inches wide, branches 
ine ton of apatite has been obtiuned. The country 
and very micaceous- 

enty feet to the west of 9, and exposes a vein of 
inches in' width, bearing N. 25" W., from which 

1 the road, and about two-thirds of the way across 
of lot four. It shows a vein of phosphate of lime 
laring N. 70' E. 
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Opening No. 12 is also on the same road, and about forty yards from 
the side line of lot six. It exposes a vein of apatite one foot in width, 
striking N. 56° E., through a pyroxemc rock. 

Opening No. 18 is immediately below the road, and one-quarter of the 
way across the lot from the side line of lot four. It exposes an inch vein 
of apatite, striking N. 15° W. This is probably the same vem as that at 
opening No. 7, and were a line drawn S. 15° E., it would pass through 
the latter opening at a distance of fifty yards. 

Opening JV(?. 14 is on the upper side of the road, ten yards from Ken- 
yon's gate, and close to the side line of lot four. It is a trench fifty feet 
in length, five to six feet in width, and twelve to fifteen feet deep, on a 
bed of a light pink carbonate of lime, striking N.W. and S.E., and con- 
taining a large amount of green apatite. At the south-eastern extremity 
of the trench the apatite shows as a solid vein, two feet in width, between J^iVuire?feet 
walls of pyroxenic gneiss. Twenty feet from this point the trench turns *^^®^' 
to the westward, following a bend in the vein. The trench in this part is 
five feet wide and seven feet deep, and the apatite has a width of three 
feet towards the western extremity. It is here more or less accompanied 
by crystals of mica. From this working upwards of 3 50 tons of good 
marketable phosphate of lime have been obtained. 

Opening No. 15 is twenty yards S.W, of No. 14, and is fifteen feet in 
length, three feet in width, and three feet deep. It exposes a layer of 
green apatite, from twelve to eighteen inches in width, bearing N. 70° W,, 
and accompanied by white crystalline quartz. About six tons of apatite 
have been obtained. The gneiss is very micaceous. 

Opening No, 16 is ten yards N.E. of No. 15, and is ten feet long, four 
feet wide, and five feet deep, sunk on a layer of carbonate of lime, con- 
taining pockets of green apatite. About five tons were obtained. 

Opening No, 17 is seven yards from the side line of lot four and eight 
yards N.W. of No. 14. It is eight feet in length, five feet wide, and four 
feet deep, and exposes a six-inch vein of green apatite, bearing N. 
75"" W- Another small opening, five yards further on this bearing, strikes 
the vein again, T^here it is of the same width. The adjacent rock appears 
to be a dark grey quartzite. Five tons of apatite were obtained. 

Opening No. 18 is forty yards from the side line of lot four, and in line 
with No. 17. It is a superficial opening, showing a layer of green apatite 
twelve inches in width, bearing N. 35'' W. 

Opening No. 19 is seven yards west of No. 18, and is nine feet long, 
four feet wide, and about four feet deep, exposing a layer of red apatite 
seven inches in thickness, bearing N. 60'' W. Three tons have been 
obtained. 

Openivg No. 20 is close by No. 19, and is eighteen feet long, four feet 
wide, and six feet deep. It is sunk upon a vein of green apatite, which 
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brough a very micaceoua gaeias. The apatite has a 

t the western extremity of thia cutting. Twelve tons 

]. 

is one hundred yards S. 60° W. of Nos. 19 and 20. It 

feet in length and three feet in width, on a layer of 

e inches in thickness, bearing S. SO" W- 

is one hundred and twenty yards S. 60° W. of No. 21, 

ing, twelve feet long and four feet wide. A layer of 

the whole length of the (^ning, and about three tons 

extracted prenous to my animal. 

is fc^ty yards west of No. 22. It is a stripjnng on 
atite, varying from fifteen to thirty inches in thick- 

s seventy-five yards N. 80^ W. of No. 21, and is twelve 
vide, and three feet deep. It exposes a vein or bed of 

inches in wid^, beaiing in an east and west direction 
IS. 

is abont 200 yards above the road, and is merely an 

let, upon a pocket of green apatite, varying from fifteen 

is in width. 

is fifteen yards west of No- 25, and exposes a layer of 

les in width, in a very quartzose gneiss rock. The 

npanied by black mica. 

is twenty yards east of No. 25, and shows a vein of 

inches wide, bearing N. 25^ W. The surrouni^ng 
3 gneiss, striking N. 75'^ W. 
b twenty-five yards N. W. of No. 27, and is ten feet 
in wid&, and three feet deep. Here a vein of greeo 
i S., varying in width from >one to three feet. Over 
tospbate of lime have been obtiunedfrom this stripping. 
is twenty yards north of No. 28, and consists of two 

vein of green apatite, striking N. 10° £., and varying 

in width. 

s ten yards N. 10° E. of No. 29, and would appear 
ioD of the same vein. It is a mere stripping exposing 
wtite, eighteen inches in widtlii The rock is very 
ins mica and pyroxene. 

s fifteen yards N. N. W. of No. SO. It is a stripping, 
ica and apatite, striking N. 20° W. 
B twenty yards N. E. of No. 81. It is & superficial 
rein of green apatite, twelve inches in width, striking 
1 a gametiferous gneiss. 
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Opening No. 33 is twenty-five yards E. N. E. of No. 82, and exposes 
a vein of green apatite, four inches in width, striking N. 60^ W. 

Opening No. 84 is about tweaty-fiye yards south of No. 88, and is on 
a vein of apatitOi eighteen inches in width, striking north-westward. 

Opening No* 85 is about 600 yards from the rear end of the lot, and 
one-third way across the lot from the side line of lot four. It is on a vein 
of apatite, twelve inches in width, striking W. N. W. 

Opening No. 86 is fifteen yards N. W. of No. 35, and exposes a vein 
or bed of apatite, averaging fifteen inches in width, and bearing N. 55^ 
W. This deposit is probably a continuation of that at opening No. 34, 
being nearly on* the same bearing, and much resembling it in general 
character. 

Opening No. 87 is ten yards to the north of No. 86, and shows a vein 
of green apatite, nine inches in width, bearing N. 60^ W. The 
adjacent gneiss is very quartzose. 

Opening No. 88 is seven yards to the south-eastward of No. 37, and 
is probably on the same vein. It shows six inches of green apatite in a 
vein also striking N* 60^ W- Gneiss very quartzose, in parts almost a 
quartzite. 

The greater number of the foregoing openings or strippings on this lot 
have been made more with a view to the future sale of the lot, than for 
the* purpose of developing the deposits of apatite. They, however, have 
afibrded an excellent opportunity of studying the different forms in which 
the mineral occurs. 

Lot 6.— On lot six in the eighth concession there are ten openings, but ^^t 6 eighth 
the greater number of these are of but little importance. They are as follows : «>'*«'*"*^- 

Opening No. 1 is near the centre of the lot, and is nine feet in length, 
six feet wide, and six feet deep. Apatite shows towards the northern end 
of this opening, in an irregular vein, apparently bearing N. and S., in a 
feldspathic gneiss. 

Opening No. 2 is about fifty yards in a south-westerly direction from 
17o. 1, and is made in the side of a hill. The apatite here occurred in 
pockets in gneiss. 

Opening No. 3 is about fifty yards to the west of No. 1, and is of a 
more promising description. It is a cutting running in an east and west 
direction for twenty-five yards, six feet wide, and from six to twenty feet 
in depth, and is sunk on a bed of carbonate of lime, which contains a large 
amount of apatite in the form of crystals. The adjacent rock is a bluish- 
£rey gneiss. About twenty tons of apatite in crystals had been extracted 
by the last lessee, and I was informed it had been worked profitably by 
the previous lessee. 

Opening No- 4 is twenty-five yards in a westerly direction firom No. 3. 
It is about twenty feet in length, six feet wide, and twelve feet deep, and 
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DS striking nearly N. and S., and varying in thick. 

to three feet. Another small opening to the eastward 
itals mixed witb carbonate of lime. 
i ten yards to the N.E. of No. 4. It is & circular 
1 diameter, and ten feet deep. The apatite was 
;b dark coloured mica. 

eight yards north of No. 4, and is twelve feet long, 
sn feet deep. It shows a niae-inch vein of green 
riking in an east and west direction. 
I immediately to the northward of No. 6, and is tea 
ht feet deep. No phosphate of lime was seen, as the 

with rubbish. 

immediately northward of No. 7, anl is a circular 
1 diameter and six feet deep. It is now choked up 

close by the last, and is a trench twenty-five feet in 
, and about twelve feet deep, on a vein of green apatite 

The apatite here is unaccompanied by mica. 
} close upon twenty chains north of No. 9, and about 
lide line of lot five. It is ten feet in length, six feet 
ep, and has been sunk upon a shallow basin-like form 
ch two ^ns have been taken. The rock is a hard 

lot examined was the seventh lot of the eighth con- 

!re are nine openings. They are as follows : 

a circular pit, ten feet in diameter, and about fifteen 

ve yards from the shore of Otty Lake. It has been 

pathic rock, in which mica occurs in irregular pockets. 

; was first made in search of mica, and I was informed 

mount of it had been obtained. Some of the crystals 

)lates measuring eight inches by ten, and were of a 

Indications of copper ore were observed in this pit, 

ent rock. 

a few yards S.S.W. of No. 1, and on the shore of 

catting down the side of a hill, exposing a veia of 
:ng from a few inches to three feet in width, ami 

Eight tons of apatite have been obtained. 
I few yards N.N.E. of No. 1, and is a cutting c 
The apatite occurred in the form of crystals 

rock. 

a few yards N.N.E. of No. 3, and is on the edg 
pening runs eighteen feet into the side or face < 
IS made in search of white mica. There is s 
le adjoining rocks. 
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Opening No- 5 is about fifteen yards N. 80^ iW. of No. 4. It Lsr a 
trench, twenty-six yards in length, running N. 70^ W. From this work- 
ing a large amount of mica, of marketable ozes, was at one time ob- 
tained. At the depth of twelve feet a layer of apatite, eight or nine 
bches in width, was struck and exhausted. I could not learn what 
amount of apatite had been obtained. 

Opening No. 6 is about 180 yards N.N.E. of Nd. 5, and is twelve feet 
long, four feet wide, and fifteen feet deep. It exposes a vein of red 
apatite of irregular width, running N. and S. through a highly feldspathic 
rock. 

Opening No. 7 is immediately to the east of No. 6, and is an irregular 
excavation, measuring about twelve feet in diameter, and eight feet in 
depth. It shows some scattered patches or pockets of green apatite in 
a rock largely composed of feldspar. Upwards of thirty tons of apatite 
have been obtiuned fiom this and the last opening. 

Opening No. 8 is twenty yards to the north-westward of No. 6. It is 
seven feet by five, and six feet deep, on a pocket of reddish apatite from 
which half a ton was obtained. 

Opening No. 9 is fifteen yards north of No. 6, and is seven feet by six, 
and about six feet in depth. It was originally sunk in search of mica, bat 
this was of a very dark colour. In the bottom of the present opening 
there is a vein of green apatite measuring four inches in tiiickness. 

As will be seen firom the foregoing notes, the deposits of apatite on this 
lot are irregular and of but littie importance, and I believe that they are 
near the limit of the ^^ phosphate-bearing zone." 

PLUllBAGO AND APATITE DEPOSITS, OTTAWA COUNTY. 

Towards the latter end of last October, and on the completion of my FinmiM«o and 
general investigations, I visited the townships of Buckingham, Templeton SSSnty! ^^^^ 
and Portland to the northward of Ottawa City, and devoted the few 
clonng days of the season to an exammation of certain deposits of 
plumbago and apatite the occurrence of which had previously been reported 
to me. This examination was rather more hurried than I should have 
desired, as the deposits appear to be of considerable economic importance. 

The rock masses met with through Buckingham and the adjoining town- 
ships consist chiefly of several varieties of gneiss, crystalline limestone, 
pyroxenite, mica schist and quartmte, with here and there protrusions of 
red granite or syemte. These rocks are undoubtedly Lower Laurentian, 
and further, it is probable they are on the same horizon as the rocks of Lower unren. 
Burgees, Bedford and Loughboro','jn the counties of Frontenac and Lanark. 
In Buckingham, the workable deposits of graphite occur almost inrariably 
in proximity to one or more of the bands of crystalline limestone.'^The gra- 
phite is found in three distinct forms : (1) as disseminated scales or plates in 
the limestones, gneisses, pyroxenites, quartzites, and even in some of the 
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iron ores, {va at Hall) ; (2) as lenticular or disconnected masses em- 
bedded in the limestones, or at the jmiction of these and the adjoining 
gneisses and pjroxenites ; and (8) in the form of tme fissmre veins cut- 
ting the enclosing strata. 

The first form is that most commonly met with, and it is in the limestone 
that the graphite is most abundantly disseminated, ofteniimes to such an 
, extent as to constitute depocdts of great economic value. The second 

form, namely, that of embedded masses, is of common occun^nce, and m 
a number of localities in Buckingham, Lochaber, and (}renville, such 
deposits have been met ?dth and worked to a snuJl extent. The third, or 
last form, that of fissure veins, is not of so common occurrence, and does 
not appear to be of as great importance as the bedded depodts, although 
Graphite veint. many such vcius cxist and have been wrought to some extent in the town- 
ships already named. In these the graphite is very brilliant, often 
lamellar and of great purity. Br. T. Sterry [Hunt, in referring to this 
form of deposit in the report of the Geolog^sal Survey, 1868-1866, now 
out of print, says : ** It will probably be found that the highly crystalline 
lamellar graphite belongs in all cases to true veins where a slow process of 
deposit has allowed it to assume that mode of aggregation and that purity 
obMTTfttioni of which characterizes other minerals thus depodted.'' Pore as is this vein- 
skW-fi^Lo^aii. form of graphite, my experience shows that it is to the bedded depodts of 
this mineral that we must look for our chief supplies, and in this opinion I 
follow Sir Wm. E. Logan, who, in the report already cited, says : '* The 
veins of this mineral hitherto found in the rocks of this country, although 
afifording a very pure material, appear to be too limited and too irregular 
to be exclusively relied on for minmg purposes, which should rather be 
directed to making available the large quantities of graphite which, as 
we have seen, as disseminated m certun beds.'* Such beds are par- 
ticularly well developed in the portion of Buckingham examined, as well 
as in the contiguous township of Lochaber. 

On lots twenty-five in the fourth and twenty-four in the fifth concession 
of Buckingham the mineral occurs in the form of irregular veins and dis, 
connected lenticular masses m graphitic limestone, which strikes in a 
north-east and south-west direction, with a steep dip to the south 
eastward. Through both of these lots this limestone is in considerable 
volume, and the graphite is largely disseminated through it in scales and 
crystalline plates. The veins, as already mentioned, are very irregular and 
of limited extent, varying from one to about six inches in thickness. On 
the east half of the twenty-fourth lot an opezung or pit ha3 been sunk in 
a black graphitic limestone, to a depth of sixteen feet, which in all proba 
bility is tiie same as that referred to by Sir W. E. Logan, (Report 1868 
j^.abongiic'i 1866), as having been worked by Mr. Labouglie. Su: William says, 
(« The ore-bearing portion appears at this spot to run along the &oe of a 
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•low abrapt oHff, and to dip S. 80^ E. with a precipitoos slope. The 
strattfieation, however, is obsoure, and it is not easy to determine the 
thickness of the mass, whioh, howeyer, cannot be less than six feet, A 
consideraUe amount of rock raised from the pit lies at the surface, perhaps 
100 tons, one-half of which might be fit for dressing.'' Other openings 
have also been made on this lot by Mr. Labouglie, bat none of them are 
extensive. 

Openings have also been made on the twenty*fifth lot of the fourth 
concession, and, on the strike of the beds, on the twenty-fourth lot in the fifth 
concession. Besides those which have been worked there are also 
numerous other, reticulating veins of graphite of minor importance. 
Jud^g firom the great number of exposures of the mineral through both 
of these lots, it seems probable that, by a systematic course of prospecting, 
some rich and workable deposits of graphite will be brought to light. 

In the fifth concession, on lot twenty-seven, and towards its north- c^Ainjcibf 
western comer, a large opemng was made some few years ago on two 
or thvee parallel beds of graphite, by West & Co. At the time of 
my visit, owing to heavy fedl rains, this opening was almost entirely 
filled with water, which circumstance prevented me firom making such an 
examination as I could have wished. The pit is about ten feet square « 
and is sunk to a depth of ten feet. In . it, three beds of graphite 
could be distinguished, striking about N.E., and S.W., with steep dip to the 
8ou&-ea0tward. Two of these varied in thickness from six inches to two 
feet, while the third, shewing a thickness of one foot, held the mineral in 
a disseminated form, in a mixture of carbonate of lime, sand and clay. I 
was informed that upwards of twenty barrels of pure graphite had been 
extracted and sent away from this opening by West k Co., and there 
still remams a considerable quantity of material fit for dressing around 
the mouth of the excavation. 

In the sixth concession, on lots fifteen and sixteen (Crosby Newton's);e^wifQ^. 
graphite is also found to some extent, but little has been done in mining it. ^^'* ^^^ 
The mineral occurs disseminated in a band which is both calcareous and 
quartsoee, in the form of brilliant crystalline plates or scales. In places 
the rock is so rich in graphite that it might perhaps be worked with profit 
in connection with some of the more valuable deposits, were a mill erected 
in the vicinity. The strike of the rooks on these lots is rather obscure, 
but firom their general characteristics they would appear to be a conti- 
nuation of those seen to the south-eastward, on the nineteenth lot of the 
fifth concession, where a considerable amount of work has been done and 
some very important deposits uncovered. (See Geological Report, 1866, 
page 28) . 

The south half of the twenty-third lot in the sixth concession was 
next examined, and also in connection with it the twenty-second of the 
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same concession. Through boili of these lots graphite was observed inv 
considerable quantity, but no systematic mining has been attempted. 
Such small openings as there are appear to have been made at random ; 
yet, even these indicate the existence of a great amount of the mineral. 
A ridge or hill, rising to the height of over eighty feet, runs in an east 
and west direction through the lots. It is composed of a rust-coloured 
rock, largely made up of feldspar and quartz, through which is dis- 
seminated an abundance of graphite in scales and often plates of consider- 
able size. Irregular veins and pockets are also of frequent occurrence all 
along the course of the ridge. This lot is particularly well situated, being 
in close proximity to the water power between Twin and Donaldson's 
Lakes. 

Lot twenty^hree in the fifth concession of Buckingham is also a good 
graphite location. It was worked a few years ago to some extent, when 
pro^tj^ it was known as the Castie property. These two lots are about six milea 
from the village of Buckingham, and only five miles, in a straight line, 
from the Ottawa River. They form a location, which may perhaps be 
considered as one of the most promising in the township. 

The west half of the fourth lot in the seventh concession is also reported 
as rich in graphite ; but this we did not examine. On the south half of lot 
twenty-one, in the same concession, a rather large vein of very pure 
graphite has been opened upon. The opening is about ten feet 
by five and four feet deep ; the vein varies in width from one to 
one and a-half feet, and runs in a W.S.W. direction. This is the 
FenBock's lot, southcm half of Pennock's lot, .which, up to this season, has been 
sovt)Kni half, ^^jj-^j ^ith Considerable promise. The specimens obtained from this 
location were of great purity, and compared favourably with some graphite 
now in Montreal from Ceylon. From this lot the mineral was traced 
upwards of three miles to the south-eastward in a series of parallel bed- 
deposits, through which there also occur transverse veins. 

The south half of lot twenty-seven in the seventh concession of 
Buckingham is immediately to the northward of lot twenty-eight in the 
sixth concession, another of the lots included in the Castie property on 
which some work was done a few years ago. On the first mentioned lot 
several ridges of rock with disseminated graphite were noted, running in 
an east and west direction, and I was shewn one or two small openings 
under the roots of some trees on the edge of a pond or beaver meadow, 
from which several specimens of rock rich in graphite were obtained ; 
but as yet no extensive openings have been made here. 
Lot»,tutLeo> Lot twenty-eight in the sixth concession, which immediately adjoins the 
north-west comer of the last enumerated lot, was examined some years 
ago by Sir W. E. Logan, and mention is made of it in the (Geological 
Report for 1868-1866. 
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On the twenty-seventh lot in the sixth concession of Buckingham, the Jj^^^j^ 
graphite mine known as Messrs. Pugh & Wert's is situated. This mine ^^,^ 

^as somewhat extensively worked a few years ago, and yielded a very ™*»«- 
large amount of graphite. The shaft is about forty feet deep, on a bed 
averaging perhaps diree feet thick, and striking N.E. and S.W., along the 
coarse of which an open cutting has been made, to a distance of over 
sixty feet. 

Lots four and five of the ninth concession have also been more or less Lots 4 uid 6, 
prospected, and have afforded promising indications of the mineral. They sion. 
are some distance from the circle of graphite lots which surround Do- 
naldson's Lake, but it is extremely probable that they will be found 
to be on a continuation of the same, or a series of similar and parallel 
beds, the general course of both being north-east and south-west. On 
the fourth lot very little work has been done, but a band of rock with 
thickly disseminated graphite, bearing S- 40^ W., was observed, and 
traced on this course to the frx>nt of the lot. On lot five, an opening 
was made in a rust-coloured band of rock, in which, besides much graphite 
in a disseminated form, there occur also several embedded masses, and 
irregular veins of the same mineral. The strike of this band was, as 
nearly as could be made out, S. 60^ W., the dip being to the west- 
ward at a steep angle. The openmg was made in a vein of earthy 
graphite varying from two to five inches m width, and running along the 
south face of the ridge. A second opening, on the side of the hill 
uncovered a bed of amorphous graphite, of from two to two and a-half feet 
in width ; for a distance of fifty feet ; it is associated with a dark graphitic 
limestone. There are several other openings on this ridge shewing 
graphite, and some of the beds could be traced into the tenth con- 
cession. Lot five is about four and a-half miles from the village of 
Buckingham, and is not far oflF the projected line of the Northern Colon- 
ization Ridlroad. 

On lots three and four, in the tenth concession, a continuation of the Lots a and 4, 
bedded deposits just noted was met with. No openings of any conse-sion. 
quence, however, had been made, and consequently the examination was 
merely superficial. Altogether, I am more favourably impressed with the 
indications on the lots in the vicinity of Donaldson's Lake. 

In the township of Lochaber another lot was exammed, but I did not 
succeed in procuring the correct number of the lot and concession. It was 
said to be the north half of the twenty-sixth lot in the third concession, 
but I have since had reason to consider this incorrect. On this lot 
several important beds of disseminated graphite were observed, running 
parallel to the stratification of the adjacent rock, one of which was from 
three to five feet in thickness, and was uncovered to the extent of one 
chain. This would seem to be a deposit of some importance. 
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Apatite in Apatite or Pho9phate of Lime. -^The discoyeiy of apparend^ workable 

And Portland doposits of phofiphate of lime in this section of country is of com- 
paratirelj recent date, although a number of persons whom I met at 
Buckingham village had long known of the existence of this yabable 
mineral in parts of Backingham and Portland townships* Amongst these 
was Captain A. McNaughton, a gentleman who had not only himsdf 
collected specimens from many parts of the country contigaons to 
Buckingham, but who has also had them brought to him by settlers from 
remote parts of the Gatineau and Bividre dn lidvre. Beades CSaptain 
McNaugbton's collections, I had the opportumty of examining one or two 
others in the possession of store keepers in Buckingham Tillage, all of 
. which threw much light not only upon the economic minerals existing ia 
the back country, but also upon the character of .the rock formaticm.. 
Amongst these specimens graphite largely predominated, both in the 
massive and disseminated forms ; next came the ores of ir(m, botk 
magnetite and hematite ; and lastly, and less numerous, were undoubted 
specimens of apatite or phosphate of lime, both in the form of erystals, 
and as irregular grains, disseminated in a rock composed largely of 
granular pyroxene or coccolite. From the information gleaned from per- 
sons in Buckingham, it was evident that the Bividre du LiiSvre would afibrd 
me the best opportunity of reaching* the most important of the de- 
posits of apatite ; I therefore ascended the river from the village 
to the foot of the '< High Falls " in the township of Portland, 
in all a distance of about twenty-five miles. For nearly the whole of this 
distance the river runs with great rapidity between high clayey banks, and 
little or no rock approaches the shores until reaching a rapid known as 
^ Little Rapids," situated about the eighth lot of the first concession of 
Portland ] but high ranges of rocky hills were observed to flank the stream 
on either side, at a distance varying from an eighth to half a mile. At the 
<< Little Rapids " the general strike of the rocks is to the north-eastward. 
In character they strongly reminded me of the pyroxenic varieties of rock 
found associated with the apatite in North Burgess and Loughboro' town- 
ships. Immediately at the foot of the rapids, and on the lefk shore, 
there is a beautiful, although rather irregular, deposit of green, crystalhne 
apatite, which had been worked for a short time prior to my visit. The 
miners, however, had thrown out a great ded of useless stuff, most 
of which was the green, granular pyroxenic rock of the variety known 
as coccolite. Seeing this rock carefully piled ande as if for shipment, 
Fyrozene mis- and remembering the numerous instances which had come under my notice 
m which similar rock had been mistaken for phosphate of lime, I made 
enquiry, and, to my surprise, was informed that tiiis material had been 
anidysed in the United States, and found to contain upwards of 75 per 
cent, of phosphate of lime. This analysis, however, I am convinced, was^ 
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of the pore green form of apatite which is aesooiated with the pyrox* 
emo rock, as specimens of the latter sent by me to the Geological 
Surrey office, and analysed by Dr. Harrington, contained no phosphate.* 

This location is known as the " Garret mine," and a crushing mill is 2^^®*'^ 
shortly to be erected on it. Immediately across the river, and on the east 
half of the seventh lot in the first concession of Portland, phosphate of 
lime again occurs in a similar pyrozenic rock, with which is also associated 
a great deal of white orthoclase gneiss. A few blasts had been put in 
on the east face of a high bluff, and iliese had exposed several small, 
irregular veins of pure green apatite ; but the mineral will probably yet 
be found in greater quantity on other portions of the lot. Phosphate of lime 
is also found on the property of A. Walsh, Esq., of Ottawa, on the twenty- 
seventh lot in the twelfUi concession of Buckingham, but in a very 
irregular form. On this lot some six openings were observed, but they 
were all filled with water at the date of my vint. There are several other 
localities in Portland township in which phosphate of lime has recentiy 
been found, but until the country becomes better cleared and settled, the 
extent of such deposits cannot be satisfactorily determined. All through 
these townships, however, there are rocks of similar character to those {J*SiiSt£** ^ 
in North Burgess and Loughboro' ; such as crystalline limestones, granular J^^****^ ^^^ 
pyroxenic and white quartzo-orthoclase rocks, with red and whitish 
orthoclase gneisses, in all of which both apatite and mica occur to a greater 
or less extent. 

The only other locality at present to be noted, and probably a v«i7£j^SJnwll' 
promising one, is on the eighteenth and nineteenth lots of the twelfth '^^'^ 
concession of Buckingham. These lots are situated on the east side of 
the Rividre du lidvre, and the deposits of apatite occur in a high ridge 
of rock, within a few rods of the water. These deposits, though but little 
uncovered, are undoubtedly extensive. The mineral is translucent and 
of a green colour, and is apparentiy very pure, being free from both mica 
and pyroxene. At the base of a bluff I observed some very large 
detached masses of pure phosphate of lime, which must have tumbled 
down from the face of the hill. I should strongly recommend a stripping 
of this side of the bluff, which could be easily accomplished by two or 
three men, with picks, and with but little expenditure. As there are no 
rapids between this point and Buckingham village, shipment could be 
effected with great faciUty. 

BARYTSS. 

A beautiful vem of this mineral occurs on the west half of ^^^^^'^ 
seventh lot in the tenth concession of the townslup of Hull. It varies 
in width from two to three and a half feet, and was traced for upwards of 
100 yards in a N.N.W. direction. The adjacent rock is a highly crystal- 

*I haye sinoe leaned that this barren rock has not been shipped from the mine. 
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Ime, white limestone (Lanrentian), striloDg N. 22^30' £., and ^ppag 
to tbe south-eastward at a steep angle. The barytes is of an opaque 
white colour, and is associated with sea-green fluor-spar, which occurs 
chiefly towards the outer edges of the yein. This fluor-spar is hardly in 
sufficient quantity to detract from the value of the barytes ; bemdes, when 
ground it forms a powder of almost as white a colour as the latter, and is 
only deficient in the requisite wei^t. A similar sea-green fluor-spar 
occurs abundantly with some of the iron ore at the Haycock iron mines, 
where it might ahnost be mistaken for apatite. No galena has yet beep 
found in connection with the barytes on tUs lot. In tiie Geological Report, 
1863-1866, page 20, Sir W. E. Logan refers to a vein of barytes from 
four to six inches in width as being found on the south half of this same 
lot, which is probably a continuation of the larger yein. Specimens from 
the latter are at present being tested in Montreal. I should further 
mention that the distance from this property to the River Gatineau is 
only four miles. The mineral right is at preaaiU held by the Hon. Peter 
Mitchell and F. P. French of Ottawa. 
I have the honor to be, 

Sir, 
Your most obedient servant, 

HENRI G VENNOR. 

Montreal, May, 1874. 
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REPORT 

ON THB EXPliORATION AND SUBTET OF THB 

SPRINGHILL COAL FIELD, CUMBERLAND COUNTY, 

NOVA SCOTIA, 

BT 

MR. SCOTT BARLOW. 

ADDBISBBD TO 

ALFRED R. C SELWYN, F.R.S., F.G.S., 

DISBOTOB OW TRS OSOLOOIOAL SUBTXT. 

Sir, — I beg to lay before you a Btatement of the progress made in the 
exploration of the Springhill coal-fieldy County of Cumberland, Nova 
Scotia, during the summers of 1872 and '78. 

A synopsis of the results of my work in that field during a part ^'^ ^^ 
of the summer of 1870 and the summer of 1871, which I had the honour 
to lay before you in the spring of 1872, was embodied in your Summary 
Report for 1871-72 ; and you were then pleased to direct me, to continue the 
exploration, devoting my attention principally to the productive part of 
the field ; to trace out and prove the outcrop of the 11 feet, or '^ Black 
seam" on one of the Springhill Minmg Company's areas, where its con 
tinuity was doubtful, and to put down boreholes, or small pits, at any 
points I deemed necessary, so as to arrive at a knowledge of the struc- 
ture of the field j and also, as I could afford time, to prosecute the general 
exploration and survey of the whole field. These instructions I have 
endeavoured to carry out, having, during the season of 1872, put down work of ism 
numerous boreholes, 940 feet in all, proving 25 chains of the outcrop, 
besides surveying (with prismatic compass and chain) 58 miles of rivers, 
roads, streams, &c., and collecting rock specimens and fossils. 

During the season of 1878, as you are aware, it was deemed ^^rk of wtj. 
necessary to prove the measures to the south-west of the Springhill 
Mining Company's west slope, nothing being known of them except in a 
pit some 20 feet deep on the General Mining Association's area, distant 
About 51 chains, and on the west bank of the Coal Mine Brook, near 
Miller's Hotel, "vihere a seam of coal 18 feet 6 inches in thickness had 
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been found ; and in another pit on the ^^ Hibbard area" (now belonging: 
to the SpringhiU and Parrsboro' Minmg and Railway Company) where a 

Borings; seam was also found, said to be of about the same thickness. Borings were 
therefore made across ihe strike of the strata from the said pit on 
the General Mining Association's area, and have proved the existence of 
four underlying seams, the section being nearly the same as at the 
SpringhiU Mining Company's west slope — allowing for the difference of 
the respectire angles of inclination, vis. 28^ on the 13 feet 6 in. 
seam, and 88^ at the slope. 

ooteropoftbe From where the 11 feet or '^ Black seam" was struck on this 
section, its outcrop was traced, with the assistance of Mr. John Ander- 



son (who was employed by the Spnnghill and Parrsboro' Mining 
and Railway Company), and its identity with the seam found in the 
" Hibbard pit " was tiius proved. During the season, 400 feet of 
boring was accomplished, and 16 trial pits were sunk on the outcrops 
of the various seams to prove their thickness ; the average depth of 
these pits was 15 feet; altogether 240 feet. Several of the pits^ 
being in wet places were very difficult to sink. 
IprtaghSi*^* A survey of the new slopes and buildings on the SpringhiU Mining 
fSj^T^M?" Company's area, together with several mUes of roads, was made by 

theodoUte and chain. 
2£^*y^" I also visited the Styles mine, where Mr. Jas. S. Hickman, of 

Amherst, has put down a small slope to the east of the old Styles 
pit. (Be« page 168.) 
d£25iS*Sfthe As tiie structure of the field is of a very complicated character, 
•*^^"*- and important faults are known to exist in it, further work is needed 
before it can be described with imy degree of accuracy ; this is chiefly ii^ 
consequence of the few natural exposures of the strata, most of which are 
only to be seen in the beds of the rivers and brooks during the dry season ; 
besides this, the limited time hitherto at my command for careful 
examination, renders me unable to conslaruct continuous sections. 
Most of the exposures have been visited, and I hope during the 
coming season to be able to compUe many of the sections with comparative 
accuracy. In tiie mean time a description of the work done, and 
approximate sections of the coal seams, are given in the present report. 
AdcBowicNi^ I must not conclude these introductory remarks without expressing my 
^*aM> obUgations to the foUowing gentiemen for assistance in various ways, 

during the past four years : to Mr. GUbert Seaman, Minudie ; Mr. Oeorg^ 
Hibbard, Minudie ; Mr. Jas. S. Hickman of Amherst ; Mr. John lavesey, 
Londonderry Mines; Mr. A. J. HiU^C.E., Sydney, C.B.; Mr. Byers, 
M.E. ; Mr. £• N. Sharp of St. Joh&,N.B. ; Mr. John Cooper, SpringhiU, 
and Mr. Wm. HaU, Manager of the SpringhiU Mining Company's works. 
I have also to acknowledge assistance and mformation received at varioua 
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times during the progress of tibe work from other gentlemen whose names I 
cannot now recall. 

MAP. 

■ 

From measurements made by myself, and from the plans of sections 2 S^t^mUriLd 
and 4 of the Litercolonial Railway, I have been enabled to construct ^^^ ^^•" 
a map on a scale of 20 chains to an inch, which when finished will 
extend from Biyer Philip on the east, to the Joggins shore on the 
west, and from the valley of the Upper Maccan River on the south, to the 
tovm of Amherst on the north ; thus including all of what is called the 
«< Cumberland Coal Field." The scale of this map being considered too 
large for present publication, a reduction of a portion of it to 80 chains 
to an inch (or one inch to a mile), embracing an area of 280 square 
miles, is presented with this report. This map shews the southern out- 
crop of the coal seams at Springhill, and also what is supposed to be 
the northern outcrop of the same seams from the Maccan Colliery 
eastward to the Styles mine. In connection with this survey it may be 
stated that the Maccan River, from the mill at the junction of the 
Etter and Maccan roads to Athol and the lower part of East 
Brook and Rattling Brook, was surveyed (with prismatic compass and 
chain) by Mr. W. McOuat during the season of 1878, as also the upper 
parts of little Forks River, Baird Brook and Pogsley's Brook, together 

with Styles Brook, and the details of that part of the Amherst and 
Truro post road between Logan's Mill and Black River. 

The road from Southampton to Athol was taken from a survey 
made in 1872, for the Department of Minos, Halifiu, N.S. by Prof. J. E. 
Oram, of King's College, Windsor. 

The Springhill Branch Railway, and Springhill and Parrsboro' 
Railway, were laid down from plans kindly furnished me by Mr. W. D, 
Barclay, C. E., the engineer In charge. 

The boundaries of the coal leases, licenses to work, and licenses to 
search (marked on the map in dotted lines), are taken fi^m plans issued 
on the authority of the Department of Mines, Halifax, Nova Scotia, and are 
only approximately correct. The areas marked M.B. Co., refer to leases 
and licenses to work, and search, taken out by the Mineral Exploration 
and Mining Company of Nova Scotia. 

SI^RINGHILL COAL SBAHS. 

The following is a description of the coal seams proved at Springhill. ^^ ^^ ^^ 
Commencing at the Springhill Mming Company's west slope, on the 11 Mftms at spring* 
feet or ^^ Black seam," and going north, the dip being N. 60^ W.< 33% and 

NoTB.— The bearings are all given in reference to the tnie meridian. Tbe yariation is 
21° 45' west. 



Seettons. 
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the ran of the crop N. 19^ 80' E., the seam for a distance of thirty- 
two and a-half chains was prored by numerous trial pits; here the 
course of the outcrop isN. 18^ W.; on account of the depth of the drift,at 
this point 40 feet, and supposed to increase, no pits or boreholes were put 
down for a distance of 12 chains. At this distance a borehole was made, 
and the drift found to be 45 feet in thickness ; the coal was reached at 10 
feet more, and bored into 7 feet — 62 feet in all. From this point, continu- 
ing on the same bearing 5} chains, the seam was proved by 8 boreholes, 
the thickness of the coal being 10 feet, including 6 inches of clay, and the 
angle of inclination 88^ : this is at the Springhill Mining Company's east 
slope. Continuing 6 chains further, the seam was tested by 2 more bore- 
holes, made under my direction, and one trial pit by Mr. Anderson, and 
in these, at 7 feet from the surface of the ground, 10 feet of coal was 
found, with 9 inches of clay in the centre. The following is an approxi- 
mate section, in descending order, of the seams which have been proved 
by small pits sunk on the crop of each seam, the inclination of the beds 
being 88^:— 

Ft. in. 



Blue argillaeeoos sbale 

{Coal 3 
Clay 6 
Coal 2 6 

Fiie-claj. and concealed measures, supposed to 
be thin beds of grey sandstone, with blue 

argillaceous shale 128 

Grey argillaceous shale with ironstone balls 2 

2 ft. 4 in. seam.— (7oa^ 2 4 

Fire-clay, and concealed measureSi supposed to 
be thin beds of grey sandstone, with blue 

and grey argillaceous shale 185 

r Coal 6 

"Black seam" ] Clay 9 

( Coal 4 3 

Fire-clay and concealed measures, supposed to 
be thin beds of grey sandstone, with blue 
and grey argillaceous shale... 70 

3 inch cropping. — Coal 3 

Fire-clay, and concealed measures, supposed to 
be thin beds of grey sandstone with blue 

and grey argillaceous shale HO 

2 ft. 6 in. seam.— (7ofl/ 2 6 

Fire-clay 

Total, 516 1 

Continuing from this pit on the same bearing, N. 13^ W., at 2} chams 
further, the fliickness bf the seam was proved by boring at a depth of 18 
feet from the surface of the ground, as follows : — 

Blue argillaceous shale. Ft. in. 

Ufeetor ( ^f ^ 1. 

"Black seam." { Clay 1 

( Coal 4 7 

Fire clay 

10 11 
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And three chains further a second borehole gave : — 

Ft. in. 
Bine argillaceous shale. 

Coal 3 6 

Clay 1 3 

Coal 3 3 

Fire clay 

8 

A third borehole 8 chains farther : — 

Blue argillaceous shale. 

. Cotd 4 9 

Fire clay 

A fourth borehole 2^ chains further : — 

Blue argillaceous shale. 

Coal 6 9 

Fire clay 

And 2 chains further, or 19 chains from tl^e Springhill Mining Com- 
pany's east slope, a pit was sunk which gave the following section, the 
strike being N. 10^ 45' W. and angle of inclination 17? : — 

Ft. in. 

Surface (drift) 11 2 

Grey sandstone , 2 

Blue argillaceous shale 5 

Hard, grey sandstone, with false bedding 2 9 

Blue argillaceous shale 4 S 

Coal 9 

Slate OJ 

Coal 2 3 

Coal and fire clay .* 0, 2( 

Hard, grey, argillaceous understone, ftill of stig- 

maria —»... 

Total, 24 3 

From this pit for a further distance of 20^ chains, still on the bearing 
N. 18^ W., till another pit put down by Mr. Anderson is reached, no 
coal has been found, the reason probably being that there is a down-throw 
fault to the north, which carries the outcrops of the underlying seams to 
the east. The ground being swampy, and the drift increasing to 88 feet 
in depth, I was deterred on account of expense from boring here. But 
at the point mentioned, and across the swamp, Mr. Anderson sunk a pit, g^ ^J^^ 
and by boring in the bottom of it, at a depth of fourteen and a half feet ^^ 
proved a seam of the following thickness, the dip of the oyerlying strata 
being S. 61' W. < 44° and the strike N. 29" W.: 

Ft in. 
Blue argillaceous shale and thin bands of hard, 

grey sandstone « 10 

Coal 6 4 

Fire-clay 

16 4 
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4i chains fiiriher, on a bearing N. 29° W., the eoal was again reached 
in a pit, andfoondjof the same thickness, (6 feet 4 inches). Here the bearing 
was changed to N. lO** 80' W. for a distance of 8^ chains, and the seam found 
to hold the same thickness. In H chains more it becomes mixed with 
clay and strikes N. 66° W., dipping S. 24° W. At a distance of 8 chains 
further on the same bearing, a seam 6 feet thick, meaaured vertically, 
was again reached by boring ; and about 5 chains further on, a pit 
showed at twelve feet from the surface a seam 2 feet 10 inches thick, 
dippings. 12° W.< 44°. 

From this point for 6 chains, on a bearing N. 75° W., the seam 
averages 1 foot 8 inches in thickness. At H chains still further 
on a pit shows the following section, the dip of the beds being S. 22° W. 
<60°:— 

Ft. in. 

Surface, red clay and gravel 10 

Glaj with boulders, aone of them limestone 18 

Blue aigillaceous ihale 4 

CotU 2 

Fire-clay 

13 

6ineii team. At 18 chains from this last pit, on a bearing N. 76° 80' W., a 6 inch 
seam of coal was reached by a pit. It is underlaid by two others, as 
shown in the following approximate section, in which the measures are 
given in descending order : — 

Ft. in. 

Hard, grej sandBtone 1 S 

Coal 6 

Fire-clay and concealed measures, probably thin 
beds of bard, grey sandstone, and blue and grey 

argillaceous shales 75 

Hard, grey arenaceous shale, eontalning two erect 
fossil tree stools, 20 inches in diameter and 

about 18 inches high, resting on the coal 2 6 

Coal, shaly ••. 6 

Fire-clay and concealed measures, probably thin 
beds of grey sandstone, and grey and blue 

argillaceous shale 78 

Blue ari^laceous shale with iron-stone balls 3 8 

Coal 1 10 

Measures concealed, probably thin beds of grey 
sandstone, coal, and blue and grey argillaceous 

shales, about MOO 

Concretionary limestone (fossiliferous) ; 6 feet ex- 
posed with 6 inches of brown clay in the middle. 5 

Totel, 1,668 6 

Pitt near Proceeding on a bearing N. S" 80' W. for 88 chains, the Springhffl 

Smc^^fildiway Branch Railway is reached, on the west side of which a smaU pit shows 
the following section : — 
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Ft. in. 

Surface, clay and gravel 7 

Grey argillaceooB shale 9 

Hard, grey band of rusty weathering sandstone... 1 8 

Soft grey argillaceous shale.... 3 

Coal (with a little dirt) 1 4 

Fire-clay 2 

Shale with iron-stone balls 



23 

Beyond this pit to the northward no coal has been found. 

I shall now endeavour to describe the outcrops of the seams to the south- oateropi Mouthi 
west of ihe Springhill Mining Company's west slope. Starting on a hiii Mining co^'i 
bearing S. 27F W. from the slope, at a distance of 51 chains, a borehole ^^ ^^' 
was made, in which the 11 feet or ^^ Black seam " was found, the angle 
of inclination being 28", or ten degrees less than at the slope. The 
underlying 2 feet 6 inch seam, and the three overlying seams, were also 
proved here, as shown in the accompanying section, C. D. At this point 
the Springhill and Parrsboro' Mining and Railway Company propose put- 
ting down a slope. They had previously sunk a small pit, but the ground 
being very wet, it was thought best to wait till this spring before going on 
with the work. Before I left Springhill in the begixming of December 
last, they had put up two wooden buildings for blacksmith and carpenter 
shops, and were hauling the timber for the slopes. 

For a distance of 12 chains from this point the seam was proved by 
Mr. Anderson by .4 other boreholes, along a line bearing S. 84'' W. Thence 
the crop sweeps round to the south, in which direction it was proved for 5 
chains by boring, and in a small pit sunk a year ago the dip was ascer- 
tained to be N. Sr W. < IT"". From this point for 5^ chains, to the 
^^ Hibbard pit," where the coal is disturbed and dips more to the south of 
west, the seam was proned by means of 4 boreholes. The following is a 
section of the measures here, the angle of inclination varying from 
24° to 84° :— 

Ft in. 

Surface 11 

Grey argillaceoas shale with ironstone balls.. 2 

C7eaJ with several partings of slate 8 3 

Slate 1 

Coal 11 

Hard dark brown slate 9 

Coal ; 1 3 

Hard, dark blue understone 



24 3 



There is evidence of either a fault or an undulation here, as in boring panit or nndo^ 
at 1 chain from this pit to the dip, the seam was found at the same depth ^^^^^ 

L 
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6ftetMAm from the surface. Hi chains from this pit on a bearing S. 68° W. Mr. 
Andexson. ' Andcrson sunk a small pit on a seam of coal, which I believe to be the 6 feet 
• seam which overlies the Black seam. The following is a section of the 
measures as seen in the pit, the dip being due west < 12" : 

Ft. in. 

Surface , 11 6 

Grej freestone 4 

Blue argillaceous shale 1 2 

Co€U, with an inch of blue argillaceous shale 

in the middle 4 6 

Fire-claj 20 2 

41 4 

Mr. Anderson traced this seam by boreholes for 4^ chains on a 
bearing S. 7^ E. ; he then tried, for the 13 feet 6 in. seam, but did not 
find it, probably because of his not boring far enough to the dip. This 
work was done during the winter. 

At a distance of 2 chains from the '^Hibbard pit " bearing S. 24^ W. 
Mr. Anderson put down another pit, and fo\md a seam of good coal,4 feet 

iftotseam. in ihickness, with hard, dark blue undcrstone, diping S. 24^ W. < 27^; 
and following on the strike S. 66^ E. for 5i chains he got about the same 

Fault. thickness of coal in a borehole. As there is evidence of a fault with a 

downthrow to the south of about 60 yards, which brings the crop of 
the seam to the east, 116 yards on the surface, this may be 
iha continuation of the 11 feet or ^^ Black seam." The run of the 
fault as near as I can judge is N. 62^ W. On the rising ground 
distant from the ^' Hibbard Pit" 9 chains and 80 links,on a bearing S. 70^ 
E., Mr. Anderson bored into a thick seam of coal, which I believe to be the 

11 feet on black ^^^^^^^^^^^ ^^ ^^^ ^X ^^^^ ^^ ^* Black seam " to the south of the 
fault ; and although it was late in the season, the snow being on the 
ground, and much water to contend with, I succeeded in putting down a pit 
to that depth of 31^ feet, proving 10 feet 11 inches of^oal at right 
angles to the plane of the beds ; but was not able to sink through 
it, as the men stopped working on account of the cold. The dip is 
S. 67^ W. < 38^ ; strike S. 83^ E. The following is a section of the 
measures : — 

Ft. in. 

Surface boulders and running gravel 12 

flard grey sandstone (lower 2 feet calcareous) ... 5 

Brown argillaceous shale with ironstone balls ... 1 10 

Grej argillaceous shale • 1 6 

Fire-clay 2 

Coal^ good 2 

Black slate 1 

Coalj with three i inch streaks of black slate and 

numerous films of carbonate of lime 8 9 

Hard blue slate 1 

Coal 

31 
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r 

This is the furthest point to the souih-west, that the coal has been 
traced. 

Approximate section in descending order, a little to the North of the seouon. 
Springhill Mining Company's west slope ; marked A.B. on map. 

Ft. in. 
Blue argillaceous shale. 



Top, or " 13 ft. 6 in." seam^ 
according to the measure- 



Coo/ 5 9 

Clay 7 



ment of Mr. Anderson in { Coal 1 3 



-a pit sunk on the east bank 
of Mill's Brook. 



Clay 2 

Coal....: 4 6 

Fire-clay, and concealed measureSi probably 
thin beds of grey sandstone with blue 

and grey argillaceous shale 70 

Coal 5 

Fire-clay, and concealed measures, probably 
thin beds of grey sandstone with blue 

argillaceous shale 65 

Coal 2 2J 

Blue argillaceous shale and fire-clay 8 4 

Coal 3 2} 

Fire-clay 3 

Measures concealed, probably thin^bedsof 

2 ft. 4 in. seam, grey sandstone with blue argillaceous 

(not prOTed.) shale, including a 2 ft. 4 in. seam of CocU 180 

Blue argillaceous shale with ironstone balls 2 

{Coal 2 
Slate IJ 
Coal 8 6f 

Fire-clay, and concealed measures, probably 
thin beds of grey sandstone with blue 
argillaceous shale 70 

3 inch cropping — Coal 3 

Fire-clay, and concealed measures, probably 
thin beds of grey sandstone with argil- 
laceous shale 110 

2 feet 6 inch seam — Coal 2 6 

Fire-clay, and concealed measures, probably 
thin beds of grey sandstone with blue 
argillaceous shale 160 

3 inch cropping — Co€U 3 

Fire-clay, and concealed measures, probably 
thin beds of grey sandstone with blue 
argillaceous shale 35 

4 feet slaty seam I ^^^^' ^^^^^ ^*^ "^^^^ charcoal on 

I upper surface 4 

Fire-clay, and concealed measures, probably 
thin beds of grey sandstone with blue 

argillaceous shale 176 

2 feet seam — Coal 2 

Fiie-clay. 



• Total, 918 11 

The 2 feet 4 inch seam, which overlies the 11 feet or Black seam^ 
^as not proved in this section, but there is no doubt of its existence. 
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Approximate section of measures proved at General Mining Asso^ 
ciation's Old Pit, in descending order ', marked CD. on map. 



13 ft 6 in. seam as giTen in 

Woodhonse and Jeffcock's 

Report on Cumberland 



6 feet seam. 



Ft in. 
Thin beds of grej sandstone and blue argillaceous shale. 

Coal (top coal, yery good for roof,) 1 6 

Dirt 1 

Coalj good 11 

Fireclay 1 

Coal Field, 1866. ^^^ y^^^^ understone and concealed ^ 

measures, supposed to be thin beds of 
grey sandstone with bloe argillaceous 

shale 105 

fCoa^, slaty 9 

Slate 2i 

Cooijgood - 1 4 

Coalj soft 9 

Co€Uj good 2 9 

Hard, blue understone, tall of stigmaria; 
thin-bedded grey sandstone and blue 

argillaceous shale 11 

1 ft. coal and clay —Coal and clay 1 0- 

Hard jBre-clay full of stigmaria, and con- 
cealed measures, probably thin beds of 
grey sandstone and blue argillaceous shale 120 

2 ft 4 in. seam .—Coal 2 5 

Hard blue nnderstone, and concealed meas- 
ures, probably thin beds of grey sandstone 

and blue argillaceous shale 217 

U feet or "Black seam."— Coo/ 11 

Fire-clay, and concealed measures, probably 
thin beds of grey sandstone and blue 

argillaceous shale 135 

r Coal 1 e 

2 ft 6 in. seam \ Clay and shale 3 

( C7<Ki^ and shale 10 

Fire-clay 2 

Hard, greyish-blue understone. 



Total, 624 6^ 

Approximate section, in descending order, of the measures proved to- 
the rise of pit supposed to be on the 11 feet or ^^ Black seam," ld> 
chains north of the Springhill Mining Company's east slope ; dip 17°. 

Ft in. 
Surface. 

Grey sandstone 2 

Blue argillaceous shale 5 

Hard, grey sandstone with false bedding... 2 9 

Blue argillaceous shale 4 8 

Coal 9 



Perhaps representing the 
11 feet or "Black seam." ' 



Slate OJ 

Coal A. 2 3 

CoaZ and fire-clay 2( 

Hartt, grey understone (full of stigmana), 
and concealed measures, probably 
thin beds of grey sandstone, and blue 
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argiltaceous shale, with possiblj one or 

two seams of coal 285 

Measures prored by small pits to be thin- 
bedded grey sandstone with blue argil- 
laceous shale 100 

-3 inch coal cropping.— (7oa/ 3 

(dip 26^) Fire-clay, and measures proved bj small 

pits to be thin-bedded grey saudstone 

with blue argillaceous shale 40 

4 ft. slaty seam.— CTba/, slaty 4 o 

Fire-clar, and concealed measures, probably 
thin beds of grey sandstone with blue 

argillaceous shale 95 

2 ft. 4 in. seam. — Coal 2 4 

(dip 26°) Fire-clay, and concealed Yneasures, probably 

thin beds of grey sandstone with blue 

argillaceous shale 35 

^1 ft. 2 in. seam. — Coal. i 2 

Fire-clay 

Total, 675 10 
SOUTH SIDE OF SPRINGHILL. 

On the south side of Spnnghill, and on the license to work of Mr. E. 
N. Sharp, seams of coal were said to have been foand by an American bywiA^ijS 
company which carried on explorations in 1865, and, it is said, expended <^°^P^i^f* 
$20,000. Unfortunately the records of this work cannot now be obtained. 
Numerous pits, however, were sunk, the position* of which I have fixed 
and recorded on the accompanying map. 

In connection with this I have to add that Mr. John Hill, M.E., 
exploring on behalf of Mr. John Livesey, early last June pi t down a small J^fiSStf ofW 
pit, 12 chains to the S.E. of Mr. Joseph Herrit's hous.', and found a ^^««y- 
seam of coal, a little to the dip of the old pits sunk by the American 
^company. In this pit, which was emptied of water during the season, I 
jneasured the following section, the dip being S. 39° 45' E. < 18° : — 

Ft. in. 

Surface 10 6 

Dark slate » 

Coal 

Grey aglllaceous shale 

Coal 

Hard pavement 

16 1 

About 2 feet of this coal is strong and good. 

On a bearing S. 50° W. from this pit, and for a distance of 7 or 8 chains, 
<coal was found in three or four boreholes, put down by Mr Probert, a 
practical miner who was also employed by Mr. Livesey. 

To the east of the pit, on a bearing N. 67^° E., for a distance of 23 
chains, reaching the road at about half-way between Mr. Joseph Herrit's 
house and Mr. Henry Smith's, two seams were said to have been found by 
Mr. Probert, who thinks that the upper one is the same as at Hill's Pit ; 
several boreholes were put down but not being furnished with the records, 
I can say nothing definite about them. Mr. Livesey has continued the 
•boring in this locality during the past winter, and I hope to be able to get 
.i!he records of the work during the coming summer, as it is being carried 
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on under the superintendence of Mr. Thos, Lloyd, a mining engmeer froot.^ 
Wales, who appears to be doing the work in a systematic manner. 



NORTHBRN OUTCROP. 

On the northern outcrop prospecting has been carried on in a small 
Blight ftrea and ^^7 ^r the last two scasons. On the Blight area, and also on area No. 70^. 
area No. 70. ^^ j^^ ^^^^ found by boring and sinking small pits at distant inter vals ; 
but the records have not been carefully kept, nor the work systematically 
carried on, so that little can be said about it, except at one point 9 chains 
west of the Old Styles Pit, where a small slope, worked by a horse gin, 
had been put down for about 40 feet from the crop by Mr. Jas. S, 
Hickman, of Amherst, when I was there in December last. The coal is 
much disturbed and slickensided, and apparently contains a good deal of 
sulphur. The seam here is supposed to be the same as that at the Scotia, 
Ghiegnecto, and St. George Collieries. The crop of an overlying seam 
with about 17 feet of strata intervening has been bored into ; this the 
miner in charge asserts to be the thicker (or top) seam formerly worked 
at the Scotia Colliery. 

The dip at the mouth of the slope put down by Mr. Hickman is S. 24^ 
46' E. <42^ ; but at the face of the coal the angle of inclination lessena 
to 85^. Thefollovring section was measured at the bottom of the slope : 

Ft in. 

Dark brown arrillaceous shale with a little Coal 1^ 

Co4i2, apparently good 2 

Dark brown claj and slate 7 

Coal 1 1 

Fire-clay 

2 feet of appa- 2 feet of the coal is apparently good ; samples of it have been handed to 
JSi? ^"^ Dr. Harrington for analysis. 

Slopef at Springhill. 

siopee. machin- ^^^ slopes have been commenced 60 chwns apart. The west one has 
•^' ***• been driven about 420 feet, and the requisite pumping and winding 

machinery erected. The engiDO is a single 16-inch cylinder with a four 
feet &-inch stroke, geared three to one, and driving a d-feet drum. 
Engines of a heavier class and more permanent character are in course 
of erection at the East slope, where in future the principal out-put is 
expected to be made. The ventilation of the present workings is effected 
by a furnace 6 feet wide erected at the outcrop. Houses each of two 
tenements for the married workmen, and larger ones as boarding bouses 
for the accommodation of the unmarried workmen, are being erected. 

I have the honor to be. 

Sir, 
Your most obedient servant, 

SCOTT BARLOW. 
Montreal, May 1874. 
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DIBXCTOB OF THE GSOLOOICAL SVBYZT OF CAM AD A. 

% 

Sir, — As directed by you, I was employed during the summer of 1878 iMtructioM. 
in making a survey of a portion of the coal-field in the county of 
Cumberland, in Nova Scotia ; and now I beg to submit the following 
statement of the work done. 

In this work I was assisted by Mr. Charles E. W. Dodwell, B.A.,of'^«««»*«nce 
Halifax, and- Mr. Thomas McOuat, of Ottawa; and I have much 
pleasure in testifying to the intelligence and zeal with which both of 
these gentlemen applied themselves to their duties, which were usually 
of a very laborious character. 

Commencmg operations about the middle of June, some time was 
necessarily occupied in making a general reconnaissance of the country^ 
in order to determine what particular portion it would be most advan- 
tageous to take up first. This done, the earlier portion of the summer, 
extending to about the end of July, was employed in making an 
examination of the country along the Maccan River, from the termi- Regiom exap 
nation of Mr. Barlow's work at the Etter Road, down to Athol, and 
along the East Brook and its tributary. Rattling Brook, from the 
source of the latter to the junction of the East Brook with the Maccan 
at Southampton. 
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Mr. Scott Barlowy of the Geological Surrey, having arrived on the 
ground before the end of July, to resume the work on which he had 
been engaged during several previous years, it was agreed between us 
that I should devote the remednder of the season to the district of 
country extending eastward along the north rim of the Cumberland 
trough, from the Chiegnecto and St. George Mines to the vicimty of 
the Post Road from Amherst to Truro. This locality was selected as 

speoui point a field of labour, with a view of determining a special point in the 
structure of the coal-field — a point to which you had called my attention 
before leaving Montreal. It was known that the Productive Coal 
measures, (Middle Coal formation of Dr. Dawson) with their seams of 
coal, which are exposed in the cliff at the South Joggins, extend inland 
with a nearly uniform east strike and south dip, as far as the Styles Mine 
near the above road, a distance of about seventeen miles. Beyond 
this, nothing, as far as I am aware, was known of their course, and an 
impression seems to have prevailed that they curved round to the south 
and west, and connected in some way with the coal measures on the south 
side of the basin. It was part of your instructions that I should endeavour 
to clear up this point, and I am glad to be able to report that I succeeded 
in doing so. 

Towards the end of the season a large amount of work was done 

on the east side of the Post Road already mentioned, extending from the 

Leicester Road on the north, to the Black River on the south. It 

f may be stated here that the Post Road will be frequently mentioned in 

The Post Eoad. this report, and will be referred to simply as " the Post Road." 

The districts which I have sketched, as being the scene of our labours, 
are mostly wooded. Roads occur at wide intervals, bordered occasionally 

Eock exposuraby clearings of greater or less extent, but there are seldom any rock expo- 
sures on these. The exposures, with few exceptions, are in the banks 
and beds of streams flowing usually through thick woods. The work of 
fixing the positions of the rocks observed, which it was necessary to do by 
making careful chain surveys of all the streams, though quite practicable, 
was unavoidably slow and laborious. 

SfereamsBunroy- We Surveyed in this way the Little Forks River, from its source on the 
east side of the Post Road, to its junction with the Maccan at Athol, 
connecting here with our survey of the Maccan ; also all the branches of 
the Little Forks except a few small ones on the south side. We also 
surveyed the branches of Pugsley's Brook, above the Chiegnecto and St. 
George Mines respectively, also Chase Lake Brook, a considerable stream 
which rises on the east side of the Post Road, near the i^ource of the 
Little Forks, and flows southward to the Black River. In the earlier part 
of the season, as already stated, surveys were made of the Maccan, from 
the Etter Road down to Athol, also of Rattling Brook, and of the 
East Brook, from the Etter Road to its junction with the Maccan at 
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Southampton. The whole distance chained, in sarveying these streams, 
amounts to about 75 miles. The positions of rock exposures, and other 
objects to be noted, with reference to these measured lines, were 
ascertained by sets', measured by pacing. There were also some roads MeMurementoi 
surveyed and lines measured through the woods, not on streams, to fix 
the positions of trial-pits sunk to prove the course of coal seams, and also 
in some cases to connect the surveys of streams with the more accurate 
measurements along the roads. A stake was planted at each station, 
bearing a number corresponding with that in our fidld-notes, so that any 
position can at any time bo readily found without repeating the measure- 
ments. The number of stakes thus set was nearly two thousand. 

These measurements have been all plotted on a scale of twenty 
chains to an inch, which is the scale adopted by Mr. Scott Barlow in 
laymg down his surveys in the adjoining country. 

A large collection of specimens was made, to illustrate tho character of coueotion of 
the rocks and the included fossils. A few of these, suitable for exhi fossils, 
bition in the Museum, were brought to Montreal, but a much larger 
number, which were intended to be used^ in the first instance, to facilitate 
the comparison of rocks from different localities, while the investigation 
was in progress, were left in Nova Scotia, that they might be available 
for next year. They will, however, be transported to Montreal, and 
deposited in the Museum of the Geological Survey as soon as my work in 
the field under consideration shall have terminated.. 

The total area over which our work e!ictended was about 80 square Total ar^ 

^ examined. 

miles. The surveys made by us, and the facts observed, are, I think, 
sufficient to demonstrate the geological structure within this area, and, 
in a more general way, over a considerably larger area. There is, how- 
ever, a considerable amount of work to bo done, at many points, before 
this can be effected with the precision which would be desirable^ and 
which would be attainable even without any more costly mode of investi- 
gation than a careful examination of all natural exposures. There are 
also some roads and small streams, of which surveys would require to be 
made before a complete topographical map of the area could be pro- 
duced. 

It may be added that advantage was taken of occasional opportunities 
to make observations in portions of the Cumberland coal-field beyond the ' 
particular area which was more thoroughly worked up. Information 
was obtained in this way which was of use in giving a general idea of the 
whole, and which would be valuable should I be permitted to continue 
the examination of the coal-field so as to embrace the localities where 
these observations were made. Meanwhile, however, they are of too 
disconnected and incomplete a character to be incorporated with this 
report. 
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Boadf snrreyed It should also be Stated that some of the roads withm the area t(y 

by Mr. Btrlow. 

which this report relates had been previously surveyed by Mr. Barlow, 
and a tracing of his map, on which they are accurately laid down, was of 
great service to us. 
Paucity of ex- Qn account of the paucity of exposures of the strata, more 

poeoret, and ... 

^{Jkneaaof especially in the inland parts of the County of Cumberland, nearly 
the whole surface being covered with a varying thickness of drift,, 
it is usually a work of considerable difficulty to make out the geological 
structure. The district examined by us is by no means exceptional in 
this respect. Notwithstandmg the disadvantage, however, we succeeded 
in making out certain local characters which gave the means of determin- 
ing the structure, at least approximately. We were able able to distinguish 
in the rocks associated with the Productive Coal measures five different 

FiTe gronpe oi members or groups of strata. Two of these are of such a character that 
they are much more frequently exposed than the others, and are readily 
recognized even when very slightly exposed. As there is good reason 
to believe that one of these two groups is immediately under, and the 
other immediately over the Productive Coal measures, the facts just stated 
are of very great importance. 

The lower of these two bands, or groups of strata, which will be first 

Conglomerate, described, is a conglomerate, of which the thickness appears to be con- 
siderably over a thousand feet. It consists largely of pebbles of red 
syenite in which feldspar is the predominant constituent. There are 
other pebbles of greenish and grey quartzite, and a smaller number of 
porphyry, the whole more or less rounded. There are also fragments of 
a partially decomposed argillaceous substance, of a dull green colour, 
the colour being due, according to Dr. Harrington, to the presence 
of iron. A thin film of this substance usually coats the various 
pebbles and small particles ot which the whole mass is made up, giving 
the conglomerate a characteristic greenish colour, though speckled on a 
freshly broken surface by the pebbles of red syenite. It is not a coarse 
conglomerate, the pebbles being seldom larger than a hen's egg, and 
often passes into a coarse sandstone. 

Good expoBuro The Conglomerate is best seen on a branch of the Little Forks called 

on Stylee' -, 

Brook. Styles' Brook. It is there exposed in the bed, and in the banks of the 

stream, for a distance of about ten chains below, and twelve above the 
bridge ai the Gould Road. It occurs in massive beds often eight or ten 
feet thick. There are numerous concealed intervals, in many of which, 

shiue and no doubt, some softer rock occurs. In a few instances shale is seen« 

landttone. • • . 

With flaggy argillaceous sandstones, usually of a reddish-brown colour. 
The thickness of the whole is about 1,000 feet, but in proceeding up the 
brook, after an interval in which nothing is seen except about fifty feet of 
red shale in a position that would underlie the conglomerate just described, 
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there is, at Weatherbee's Mill, another considerable exposure of conglom- WMfhertee'^ 
erate and coarse sandstone. Including this, the thickness of the whole 
would be about 1,500 feet. 

At a vertical distance of about 450 feet above the supposed summit of 
the conglomerate, there is an important seam of coal, an opening on which, important eeaiik 
on the west side of Styles' Brook, is known as the Styles mine, which has 
been already mentioned. This is thought to be the same seam which is 
worked at the St« George and Chiegnecto mines, the former four and a 
half, and the latter five and a half miles to the westward. I do not know 
that it can be regarded as certun that it is the same seam, but all the 
evidence seems to support this view. Explorations have recently gj^JJJ*JJ^ 
been made along the Ime of strike, between the Styles and St. George ISlJwnSna: 
mines, and coal reached by boring and sinking pits on the crop ; and a line 
connecting all the points where coal has thus been found seems to corres- 
pond exactly with the strike of the rock in the vicinity. 

The band of conglomerate, which may be conveniently designated the 
Styles' Brook conglomerate, was traced in a direction parallel with the 
above line of pits as far westward as the Chiegnecto mine. Exposures 
were examined in five different localities in that distance, including that 
on Styles' Brook. With one exception, the highest beds of conglomerate 
which could be found were very nearly at the same distance from the 
known or supposed position of the coal-seam, as on Styles' Brook ; that §J*2?"S^^*^ 
is, at a distance of from 400 to 500 feet stratigraphically below it. The Jjj^^^fome^ 
exception occurs at the St. George mine, where, on the small stream which ^^ 
crosses the strike of the conglomerate, and flows past the mine, the only 
exposures observed are at a vertical distance of from 1,600 to 2,100 feet 
below the coal-seam at the mine, or 1,150 to 1,650 feet below the supposed 
summit of the band. This position corresponds pretty closely with that 
of the lower conglomerate which is exposed near Weatherbee's mill, on 
Styles' Brook, and which I suppose to be separated from the main mass 
of conglomerate overlying it by a considerable thickness of shale, which 
the rock also resembles in lithological character. It is hoped that a more 
careful examination of this locality will supply additional facts. 

At the Chiegnecto mine, situated about a mile to the westward of the * 

St. George, the conglomerate is seen at about the same distance below the 
seam worked there as at the other points named ; that is, about 450 feet 
I am unable to say how far this conglomerate could be traced west of 
the Chiegnecto mine, as the time at our command did not permit of a 
further examination of the locality. 

It seems tolerably clear that the Styles' Brook conglomerate constitutes 
the summit of the Millstone-grit formation, and therefore, the dip of the 
strata bemg south, that all workable seams of coal in the district should ^^^^Saim 
be looked for to the south of it. Hoping, however, to revisit the field !^£^^. 
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during the coming spring, I shall leave the consideration of this point 
until I am in possession of additional facts. 

In the few instances in which any exposures were observed of the 
strata immediately underlying the conglomerate, they were found to be 

brownsiMaef <5hiefly chocolate-brown shales. There being usually a depression in the 
surface along the north side of the conglomerate, it seems probable that 
there is here a great mass of strata of this character, such as occurs on 
the Joggins coast, between the Productive Coal measures and that part of 
the Millstone-grit which furnishes the well-known Joggins grindstone. 

The Styles' Brook conglomerate was also traced in an eastward direc- 
tion for several miles ; but, before describing its extension in that direction, 
I shall state some facts observed in regard to another important division 
of the rocks associated with the Productive Goal measures of this local- 
ity. It has been stated that there are two bands which from their posi- 
tion and peculiar litholo^cal character are well suited to serve as guides 
to the distribution of the Productive Goal measures. The Styles' Brook 

orej sandstone Conglomerate is one of these ; the other is a band of massive grey sand- 

daotiyecoAi stouc which usually forms a conspicuous ridge along the south side of the 
area occupied by the Productive Goal measures — the dip being to the 
south. As far as observed, the colour is uniformly grey. It occurs in 
thick masses without any laminated structure, a character which distin- 
guishes it from most of the Garboniferous sandstones, at least in the area 

BaUding stone. Considered in this report. It is consequently a good building stone, and 
in the district under consideration nearly all the quarries from which 
stone has been taken for the works on the Intercolonial Railway are sit- 
uated on this band. It is noticeable that where the country roads cross 
it, they are invariably stony, diflfering in this respect from the other por- 
tions of the same roads. The band is easily recognized and traced across 
the country by these characters. 

There seems little doubt that the sandstone is the same as that wluch 
at the Joggins occurs at Ragged Reef, and which, according to Dr. 
Dawson, constitutes the base of the Upper Goal formation. The base of 
the band is about 4,500 feet above the summit of the Styles' Brook con- 

• glomerate, which is pretty nearly the thickness assigned to the Middle Goal 

formation at the Joggins, and it was traced from the Maccan River, below 
Athol, eastward to the Post Road. The interval between it and the con- 
glomerate to the north is usually a little over a mile> and it is overlaid 
^conformably by a great mass of softer strata consisting largely of fine red 
shale, of which mention will be made farther on. 

Continuation of Coal Measures Ea-st of Styles^ Brook. 

The Styles* Brook conglomerate was traced eastward to a point on the 
east side of the Post Road, a distance of three-fourths of a mile from 
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Style's Brook. No exposures were seen beyond this, on the same east 
strike, though it is probable that hy a more careful examination of the 
locality it might be traced some distance further. It is certain, howeyer, 
that its extension in this direction is limited. 

What is evidently the same band is well exposed to the south-eastward, JJ^fe^SSe*^ 
on the upper part of the Little Forks River, about aimle above, that is, ^o'^ ^^^^f* 
to the east of, the Post Road at Stewart's Inn. It has here about the 
same strike as on Styles' Brook, but the inclination is less ; the dip being 
S.< 25^, while on Styles* Brook it is about S.< i^"" to 48"*. Some of it is 
reddish-brown, but much of it is precisely similar in colour and in all 
other respects to that on Styles' Brook. The thickness seen is only about 
650 feet, but there is reason to believe that it is greater than this. Follow- 
ing it to the eastward on the strike, it was not exposed in place, but a ridge 
encumbered with great numbers of angular blocks of the conglomerate 
plainly indicates its course* This was traced for about two miles, at 
which distance the strike, which is at first east, becomes somewhat north 
of east. 

Under this conglomerate, on the Little Forks, there is red shale, pre- *^ ^^^* 
cisely as on Styles' Brook. It is hoped that a more minute examination 
of this locality will give the means of defining more exactly the limits of 
the conglomerate, especially on the south side. 

It has been stated that the grey sandstone which overlies the Produc- ^v'Slf iM^'hJ"* 
tive Coal measures was traced from the Maccan River eastward to the £^^^® 
vicinity of the Post Road. Following it eastward from the Maccan, it 
comes on the little Forks from the north side somewhat less than a mile 
below Styles' Brook. At Styles' Brook it is partly on the north and 
partly on the south side of the Little Forks. Continuing to ascend the 
Little Forks, it is frequently exposed in the bed of the stream, which is 
probably about the middle of the band. In this way it was traced to a 
pomt about half a mile above the Post Road, which is within a few chidns 
of the exposures of conglomerate already described. The relation of the 
two is such that the sandstone, if extended towards the conglomerate, 
would almost directly overlie it, leaving no space for the 4,500 feet of 
coal measures which should intervene. It is plain therefore, that if this 
conglomerate is the same as that on Styles' Brook, there must be a great 
fault between the most easterly exposure of the sandstone and the mo8t^*«>^t^«*^»i*« 
westerly exposure of conglomerate. The supposition that it is the same 
is confirmed by the occurrence of the grey sandstone and its superincum- 
bent red shales in their proper positions to the south. The sandstone 
forms a conspicuous ridge, which rising rather abruptly near the Post 
Road, at a point where it makes a sharp detour to the west to get round 
the end of the ridge, strikes boldly across . the country, at first with a 
course about cast-by-north, then north-east, to Chase Lake Brook, a dis- SiJSL^^* 
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tance of about three miles. It was not traced beyond this , though I be- 
lieve, from information received from persons acquainted with the locality, 
that it might be easily followed at least several miles further. Owing to 
the prevalence of false bedding in this sandstone, the dip was ascertained 
only on Chase Lake Bi-ook, were it is S. E. < 24^. 

The resemblance of this sandstone to that which overlies the Produc- 
tive Coal measures west of the Post Road, both as regards its lithological 
character and its associations, seems to leave little doubt of its beinsr the 
same band. It follows from these facts, that the measures are cut by a 
coaneoffliuit.f^^H.^ which Crossing the Little Forks at thepomt already indicated- 
half a mile above the Post Road — and pursuing a course a little east of 
south, passes to the west of the west extremity of the sandstone ridge 
last described. The up-throw is to the east, and the amount of displace- 
ment must be several thousand feet. It follows also that the Productive 
Coal measures intervene between this sandstone and the conglomerate on 
the Little Forks Riv«r. 

Great Fault on North Side of Black Itiver- 

As already stated, the band of grey sandstone supposed to overlie the 
• Productive Coal measures, east of the Post Road, is itself overlaid by 
sed Shales on red shalcs, similar to those which occupy the same position west of that 
Brook. road. These are tolerably well exposed on Chase Lake Brook. In de- 

scending this stream, in a south-easterly direction, toward the Black River, 
these shales, Vith bands of red and grey sandstones, are found to come 
in with great regularity, dipping about S.E.< 20"^, and with a thickness of 
about 2,000 feet. At a point about fifteen chains north of the Black ^ver 
they suddenly disappear, giving place to strata of an entirely different 
Coarse sand- character from any noticed thus far in this Report. These are coarse, very 

stones and con- ^.,, ,. «.-i i.iii.i i 

^lomemtes of fnable sandstoncs, of a deep bnck-red colour, with coarse conglomerates 
made up of very smooth pebbles of quartzite in a brick-red matrix. 
They occupy a narrow strip along the north side of the Black River, and 
also the bed of that stream from the mouth of Chase Lake Brook up to 
the Post Road, a distance of more than a mile. I had no opportunity to 
extend my observations beyond this distance. On the south side of the 

ui^tone'!"^ river there are deposits of gypsum, evidently extensive, and also limestone, 

' which, however, I did not examine personally. These rocks will, no doubt, 

be found to belong to the Lower Carboniferous formation, and their oc- 

^Sn3n**^^°^* currence here would imply the existence of an enormous fault, running in 

ife^ri&'a north-east and south-west direction along the north side of this part of 
the Black River, and bringing up on the south-east side Lower Carbon* 
iferous rocks so as to appear to overlie about three thousand feet of Up- 
per Carboniferous strata. 

The dip of these sandstones and conglomerates on the Black River, 
appears to be about south-east, at a very low angle* 
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Upper Maccan and East Brook. 

The rocks described thus far are all on the north side of the great 
Cumberland trough, the dip being uniformly to the south. Those occur- 
ring on the Upper Maccan, and on the East and Rattling Brooks, which 
will now be briefly alluded to, are on the opposite side of the synclinal, soSth eWe of 
though near its centre. They dip, with considerable regularity, to the land &?ugh! 
north, turning, however, to the north-west as the strata are followed on • 

the strike eastward, which course would carry them to a position to the 
nortk-west of the coal seams at Springhill, and stratigraphically above 
them. The rocks of this district all belong to the Upper Carboniferous SrSSi.^*'^"** 
formation, and are chiefly fine red shales, with bands of reddish and 
greenish, mostly flaggy, sandstone, which appear to be thicker, and of 
more frequent occurrence, towards the base. There .are also occasional 
bands of conglomerate, and sometimes thin beds of more or less 
arenaceous grey limestone. The lowest strata in this district, which are 
found in the extreme south-east part of it (the base being at the point 
where the Etter Road strikes the Maccan,) closely resemble those which 
on the north side of the trough immediately, overlie the band of grey 
sandstone supposed to constitute the base of the Upper Carboniferous. 
In both cases there is a thickness of perhaps a thousand feet in 
which sandstones form a considerable proportion of the whole, overlaid 
by a great mass of fine red shales, with a much smaller proportion of 
sandstone. Whether there is here also an underlying band of massive 
grey sandstone, I am unable to say, but have reason to think it probable 
that there is. The dip at the end of the Etter Road, which was ourWrtctionofdip. 
-starting point in the examination of this district, is about N.W. < 15*^. 
Following the strike westward, this dip gradually changes to north, in 
a distance of about two miles, and this is maintained with considerable 
regularity, as far west as our observations extended. Lower down on the 
Maccan and on the East Brook the dips conform well with those stated, 
but the inclination decreases northward towards the axis of the synclinal 
which crosses the Maccan about two miles above Athol. The breadth 
occupied by these rocks, at right angles to the strike, is about five miles, 
and the thickness, assuming that the succession of the strata is not 
icterrupted by faults, of which there is no evidence, about 5,000 feet 

Ad(Ung to this 1,000 feet for the supposed lower portion of the Upper 2^^£*^o?e 
Carboniferous, we have a total thickness of about 6,000 feet of gJ^'J^^^^J^JJ 
strata above the Productive Goal measures, in this central part of the 
Cumberland trough. This far exceeds the thickness of the Upper 
Carboniferous seen on the Joggins, as given in Sir W. E, Logan's 
Joggins section, which is only 2,267 feet. I understand that Dr. 
Dawson has under consideration the question whether a portion of this 
great thickness should not be separated as Permian. 
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The rocks examined duriDg the seasoDy and described in this Report, 
ezclusiye of the supposed Lower Carboniferous strata on Black RiFer, 
which I have no means of connecting stratigraphicallj with the others, 
may be grouped as follows, in ascending order : 

MiUstone Grit 

Thickness. 

I. Red shale, with fine-grained, reddish, flaggy sandstones, and occcaaion- 

al bands of grej and greenish sandstone, saj 1,000 feet. 

II. Conglomerate, with pebbles of red syenite, and passing into coarse 

sand^ne, interstratified with shale which is usually reddish-brown ; 
the lower portion separated from the principal mass by a consider- 
able thickness of red shale 1,500 

Middle Coal Formation. 

III. Grey sandstone and shale, with seams of coal, only yery partially ex- 

posed in this part of Cumberland, but no doubt the same as at the 

Joggins 4,600- 

Upper Coal Measures. 

lY. Massive grey sandstone, shewing much false bedding; forms a ridge 1,000 

y. Red shale with reddish and greenish sandstones, also conglomerates, 

and thin beds of arenaceous grey limestone 5,000 

Total thickness 13,000 fect^ 

I have the honor to be, 

Sir, 
Your most obedient senrant, 

SALTER McOUAX 

Montreal, May 1874. 
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Sir, — In the Report which I had the honor of sabmitting to 70a last 
year, regarding the work done m connection with the Survey in Cape 
Breton, it was stated that the facts collected up to that date, bearing '^o^^^qi^irad. 
directly npon the geological stracture of the region, were not sufficiently 
numerous or detailed to enable me to present any part in a complete form. 
It was also intimated that my work up to that date had been devoted 
chiefly to the collection of materials for the construction of a topographi-J^^^^^ir 
cal map on a large scale, and for a Report upon the collieries in operation °^p* 
in the Sydney coal-field, embracing a detailed description of the coal seams 
on which these works had been established. Such objects were deemed 
not only of the utmost economic importance at the time, but essential pre- 
liminaries to the systematic investigation of the structure. 

In the prosecution of the field-work of last summer, which was com- Fieid-work.' 
menced on the 19th of June and continued to the end of October, I was 
assisted, as daring the previous season, by Mr. Hugh Fletcher. As the 
districts visited lie within the limits of the inhabited part of the country, 
we were enabled to dispense with further asdstance, except upon rare 
occasions. The distances traversed and measured during the season were 
approximately, along the coast and brooks 75 miles, and on the roads 80 ^ oaAuomento, 
n^es. The bearing? were obtained chiefly with the prismatic compass, 
and the distances by cludning, pacing, and micrometer telescope, as the 
circumstances seemed to render most eligible. In the examination of the 
extensive district embraced in the General Mining Association's property 
I have been greatly aided by the plans of their areas, which their superin- ^^J^^ ^' ^ 
tendent, Mr. R. H. Brown, kindly permitted me to copy. 

The structural relations of the various members of tibe Productive Coal 
measures, and the identification of the seams throughout the entire field, * 

regarding which a great diversity of opinion has been expressed by difier- 
erent authorities, were naturally the first objects which occupied my 

M 
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attention. From the facts already established, it is believed, as stated in 

onesetofscAmiiny former Report, that the entire eastern or Sydney coal-field, althoagh 

coal-field. Subdivided mto several minor or subordinate troughs,contains only one set of 

seams, the connection of which, where mterrupted by bays or inlets, it is 

sometimes difficult to trace. 

One of the most important and obscure of these interruptions, namely, 
SlBm«iSir*?n ^** which occurs under Sydney Harbor^ and gives rise to the extraordinary 
Sydney Harbor i^qj acomalous position and attitude of the measures on either side, has been 
noted and commented upon by Dawson, Brown, and all others who have 
made geological observations in this region. It was deemed advisable, at 
the earliest opportunity, to endeavor to trace the connection, if any such 
existed, between these disturbances and the structure of the Lower Car- 
boniferous rocks, which are exposed at Pomt Edward and on the shores 
around the head of the harbor, and also at intervals in the adjacent dis- 
trict to the south. Accordingly, much attention was devoted in the early 
part of last season to this object ; but further investigations and study are 
still required in order to determine the points at issue, which involve the 
working out of the structure over a large extei\^ of country. 

The time occupied in this part of the field, extending from what I 
Lower carboLi- Relieve to be the summit of the Lower Carboniferous formation at Point 

Heroiu. 

Edward and Sydney Point, to its base, was about one month. I can only 
on the present occasion indicate the general results, which, however, are 
still liable to future modifications. The rocks consist of thick beds of red 
and grey argillaceous shale, sometimes calcareous, approaching in char- 
acter to marls, and frequently without any trace of lamination or bedding ; 
these beds often being copiously charged with nodules of limestone and 
argiUaceous iron ore. With them are associated numerous beds of lime- 
stone, concretionary, laminated, and compact, and generally dark grey or 
almost black, and fetid ; sometimes gypsiferous, and containing traces of 
galena and copper pyrites ; and occasionally holding marine fossils of the 
ordinary Lower Carboniferous forms. Beds of red and grey micaceous 
sandstone, generally slightly calcareous, and often beautifully ripple- 
marked, are also of frequent occurrence in this formation, chiefly towards 
its summit, where also I have noted one bed of bituminous and highly 
calcareous shales between three and four feet in thickness, containing 
FoflsUfl. SigiUaria^ Lepidodendron, fish^scales, teeth, spines and coprolites, wiUi 

Ncdadite%, and having a SHgmaria underclay. 

The promontory or tongue of land terminating at Pomt Edward divides 
the upper part of Sydney Harbor into two branches or arms, each 
being about one mile in average width. The Lower Carboniferous 
rocks, as above described, are developed over this tract, being brought 
to the surface by a low anticlinsd, the axis of which runs in a 
north-easterlyj direction,^ the^structure being complicated by a trans- 
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T9rse anticlinal, also with yerj gentle dips. The opposite shores on 
either arm of the harbor are, for the most part, occupied by rocks of 
the Millstone Grit formation ; the projecting point, however, on which the 
town of Sydney stands, is composed of the red sandstones, marls, and thin 
bedded limestones, which appear to be characteristic of the upper part of 
the Lower Carboniferous formation, and probably extend under a great 
part of the harbor, without any evidence of a break or fault. In so far as 
I have yet been able to ascertain, there seem3 to be no direct connection 
between the gentle undulations referred to and the contortions which 
would appear to be necessary in order to account for the attitude of the 
coal seams and associated strata at the Sydney and Victoria Mines res- 
pectively. 

The series of rocks above described extends over a breadth, in the dis- 
trict referred to, of about four miles ; and rests upon massive beds of coarse 
red conglomerate and sandstone,' constituting a very prominent feature in Red oongiome- 
the geology of Gape Breton, and which, on this and other accounts, may 
be entitled to rank as a distinct formation. The pebbles of the conglom- 
erate are generally rounded, but sometimes angular; they vary in size from 
twelve inches in diameter downwards, and are composed of quartz, jasper, 
feldspar, quartzite, chloritic, hornblendic, and micaceous rocks, granite, 
syenite, diorite, red and green micaceous sandstone, and occasionally lime- 
stone. The attitude of these rocks, and consequently their thickness, is 
obscure ; in the district above referred to they seem to occupy a breadth 
of two miles, giving place to the older metamorphic, or perhaps eruptive, 
rocks to the south. There is no doubt, however, that the occurrence of 
the latter at the point where they were observed in this district is merely 
local, and that the conglomerates are distributed to a much greater extent 
in that direction, on either side of a nucleus of the older rocks. With 
this proviso, and calculating from such observation and measurements as I 
have been able to make, I should estimate the thickness of the Lower Car- Estimated 
boniferous rocks in this section, including the conglomerate, at 4,637 feet. Low^Tuboni- 

The locality where the older rocks were observed, namely, Morrison tioS?* ""*' 
Brook, a small tributary of Grantmire Brook, at the head of the north- 
west arm of Sydney Harbor, was visited in consequence of 4fc reported dis- 
covery of iron ore, which, however, was not verified by actual observation. 
Time was not afforded for other observations there, and I have thus few 
details to present on this point upon the present occasion. The prevailing 
rock observed was a red granulite or felsite, with a slaty structure, associated Mettmorphic or 

^ ' •' ' eraptlve rooks. 

with masses of diorite highly charged with iron pyrites, and with numerous 
blotches of epidote. Specimens of a rock resembling talcose slate were 
also obtained from this locality, but its nature has not yet been accurately 
ascertained ; also a red porphyritic rock, which, however, seems to belong 
rather to the base of the Lower Carboniferous formation. 
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Considerable time was deyoted to the ezammation of another iDterest- 
ing district, where the contact of the Garboniferons with the older rocks is - 
seen, nan^Iy, that included between E0II7 Core and Cape DanpUn, at 
the western extremity of the Sydney coal-field. The gMieral stmotnral 
features at this locality have been already noted by the late Mr. Edward 
Hartley, as quoted in your summary Report for 1871, pages 4-5. I hare 
made measurements oyer the entire area, about three and a half square 
miles in extent, and have constructed four minutely detailed sections of the 
strata from the coal-measures to the syenite ; but, as still more compre- 
hensiye observations are requisite in order fuUy to elucidate the structure, 
I shall reserve these details in the meantime. The existence <^ a &ult 
or complication of faults here seems to be proved beyond a doubt, and the 
occurrence of a band of calcareous and magnesian rocks of varying thick- 
ness, between the Lower Carboniferous ahd Productive Coal-measures on 
the one hand, and the syenite on the other, is also clearly estaUished. 

The following section of the strata from the lowest bed of the produc- 
tive measures to the syenite illustrates the general character and relative 
position of these rocks. The section, which is in descending (Mrder, is 
exposed in a brook cutting the beds at right angles to their strike : 

1. Bluish argillaceous shale (Goal-measures). 

2. Fine-grained, laminated, dolomitic limestone, with calc-spar between the joints. 

3. Compact dolomitic limestone, carrying specks of galena and iron and copper pyrites; 

stained lead-grej in the joints. 

4. Laminated, contorted, crystalline limestone. 

5. Massive white dolomite. 

6. Fine-grained, yellowisfa-white and blue, serpentinous and calcareous rocks, intersected 

by small quartz reins. 

7. Red syenite. 

A specimen of one of these rocks,probably taken from the same bed as that 
in which Mr, Hartley states that he observed rocks ^^ which it would be 
impossible to distinguish from some of the Petite Nation serpentinous lime- 
stones, from which the best Eozoon was obtained," has been found on 
microscopic examination not to exhibit the peculiarities of this structure^ 
The " broadly crystalline limestone," also mentioned by Mr. Hartley, and 
which I believe to be identical with that of bed No, 5 in the above section. 
Dolomite as. provcs On examination to be a dolomite. The following are the results of an 
fioftMnn.^'' examination of this rock by Mr. HofiRoQann of the Geolo^cal Survey 
Laboratory : 

'' Structure coarsely crystalline ; colour white ; lustre vitreous ; on 
exposure to the weather remains white or'assumes a fsdnt brownish tinge ; 
here and there shews minute specks of pyrite. Specific gravity, 2.853. 

'^ A section of the rock under the microscope exhibited small quantities 
of disseminated matter, not shewing the crystalline character of the car 
bonate. 

^< The powdered rock was digested for a short time in cold water, and the 
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Altered solution found to contain solpfaate of Ume and a chloride, probably 
chloride of sodiam. When reduced to powder it did not efferve«ce widi 
acetic acidi but was readily attacked by dilate hydrochloric or nitric acids, 
leaving a small quantity of a greyish-white residue. An examination of 
the residue lefl after treatment with dilate nitric acid shewed it to agree 
very closely in composition with some varieties of chlorite. It is most 
likely that the water given as hygroscopic is really part of the water of 
combination of the sulphate of lime ; the quantities 0.272 and 0.071 cal- 
eidated for the sulphate of lime present would equal 19.367 per cent.— 
about the quantity entering into the composition of gypsum. Neither 
4>aryta nor strontia could be detected. 
" Analysis gave : — 

Lime 30.419 

Mi^nesia 20.754 

Ferrous oxide.. 314 

Manganoas oxide 164 

Carbonic acid 46.435 

Sulphuric acid 1.042 

Chlorine 036 

Water | ^Jff^^^o^^^ 272 

(combined 071 

Insoluble residue 1.553 

101.060 

OR, 

Carbonate of lime 53.018 

" " magnesia 43.683 

" " iron 606 I 

« " manganete 266 

Sulphate of lime 1.771 

Chlorine 036 

•^j^^jf hygroscopic .272 

I combined 071 

Insolable reiidue 1.563 

101.076 

Insoluble Rbsidub. 

Silica 661 

Magnesia 489 

Lime 046 

Alumina 301 

Ferrous oxide 073 

Water, comUned 151 

1.621 



The new GampbeUton coal mines, which are situated on this area, and New campbeu- 
were not in operation at the time of my first visit to Cape Breton, were 
reopened last year, and an opportunity was afforded me of inspecting the 
^orks« Appended to this Report is a detailed account of the pi^sent state 
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and prospects of these mmes, the working of which will probably throw^ 
considerable light on the geological structure. 

Immediately at the summit of the Lower Carboniferous rocks, and 
apparently marking in some places their junction with the next overlying 
formation, I discoyered, in the immediate yicimty of Sydney, considerable 
Iron ore dcposits of a siliccous hematite, which seems] to be sufficiently ^rich in 
iron to constitute a workable ore of that metal. Although the ore was 
found only in loose blocks, these were in such profusion and position, and 
of such dimensions and form, as to leave no doubt of their being near to 
the parent bed ; especially as similar rocks,^although not so rich in iron, 
were found in place at the same geological horiaon in another part of the 
field. Should this ore on trial prove to be suitable for the manufacture 
of iron, either alone or in admixture with other ores, the situation of the 
beds in the immediate vicinity of the coal mines, rsdlways, and harbor, 
may render this discovery of considerable economic importance. I may 
remark that in many other parts of this continent workable ores of iron 
have been found at this geological horizon. 

The rocks overlying the Lower Carboniferous, and intermediate between 
these and the Productive Coal-measures, and thus occupjring a position 
Muistone Grit analagous to that of the Millstone^Orit of the English cosJ-fields, are well 
formauon, exposed in the natural sections afforded by Sydney Harbor, the Great 
Sras d'Or Entrance, etc. They consist, like their equivalents in other 
parts of the world, of a great series of sandstone beds, generally very 
coarse and almost conglomerate in character, and deeply stained with per- 
oxide of iron ; but sometimes of a bluish-grey color, finely grained, evenly 
bedded, and flaggy, and with occasional patches, but apparently no con- 
tinuous beds, of argillaceous shale and coal. Some of the sandstone beds 
contain great quantities of obscure and fragmentary vegetable fossils, 
such as SigiUariaj Stigmariay Lepidodendrorij Cordaites Bxii Calamites ; 
the shales also contain the usual plant remains characteristic of the forma- 
tion, although somewhat indistinct. In one bed or thin patch of carbona- 
ceous shale I observed fish teeth, scales, spines, and coprolites. The 
Millstone Orit formation is distinguished throughout from those underlying 
and overlying it by the entire absence of calcareous strata. 
DiiBonity of ob- Falsc bedding is prevalent throughout the whole series, insomuch that 
dips. ^ ' ^it is extremely difficult at any point to obtain a reliable observation of the 
d^p. As regards the conditions of deposition of the entire formation, the 
appearances are all indicative of the existence of strong currents in various 
d'rections. Under these circumstances it has been found impossible, so 
f{ r as my observations have extended, to subdivide the mass into its several 
b ;ds, or to give any distinctive or characteristic description of its compo- 
n:)nt parts. For the same reasons it is difficult, if not impossible, to arrive 
at any just or accurate estimate of its total thickness. From. the best data 



RSPOBT BT MR. CHARLES ROBB. 177 

■which I could obtain at Sydney Harbor, this may be provisionally stated 
at 4,228 feet on the west side, and 8,796 on the east, but it will probably 
be found to vary very much at different points. 

The distinction between the Productive and so called Barren Coal- 
measures, or Millstone Grit series, in Cape Breton, seems to be well 
marked and unequivocal* In the latter, however, as has been remarked 
in other countries, coal seams occur, sometimes of workable dimensions, cotiBoum in 
but differing from those m the productive measures both in quality and Q^Jt?*^***^* 
apparently in the conditions of deposition, and generally, so far as yet 
observed, wanting in persistency. From my observations of last season, 
and the identification of the coal seams thus far established, I am led to 
the belief that the discrepancy between Dr. Dawson's estimate of the 
thickness of the Productive Coal-measures, as displayed at the eastern end ^roduotiyo 
of the coal-field, and that at the Sydney mmes, or western section (see 
Acadian Geology, pages 417-418), is due to his including in the former 
a large portion of the Millstone Grit ; and that the lowest seams men- 
tioned by him in tho former locality actually belong to that formation. 
This is, in fact, the alternative hypothetically and doubtfully advanced by 
Dr. Dawson, and which appears to me to be the true one. Should these 
observations be confirmed by further investigation in *the eastern section 
of the field, the result will be of the utmost importance in an economic 
point of view, as limiting the area within which coal seams of undoubted 
workable dimensions may be expected to occur. 

It has been already stated that the whole region occupied by the Pro- 
ductive Coal-measures in the eastern coal-field of Cape Breton is probably 
underlaid by only one set of seams, the continuity of which, however, is 
interrupted by bays or inlets. In a region where the natural exposures of the 
rocks — with the exception of those afforded m the sea cliffs — are so few and 
so difficult to correlate, the identification of the coal seams at different i<ie]ituioation of 

' ... coal seams. 

parts over the entire field becomes a matter of primary importance m the 
elucidation of the structure. For establishing this identity, neither the 
quality nor thickness of the individual seams, the partings by which they 
are generally more or less divided, nor even the organ remains found in 
the roof shales, are of themselves sufficient, as these are all liable to con- 
siderable variations. 

For this purpose, as well as for comparison with other sections of the 
Coal-measures (as at the Joggins, etc.,) it was deemed necessary to make 
a minute and comprehensive survey of all the strata exposed in the sea 
cliffs. To this work a most valuable contribution had previously been made 
by Mr. Richard Brown in his elaborate section of the measures on the Mr. Brown's 
north-west side of Sydney Harbor, published in the Quarterly Journal of 
the Geological Society of London, vol. vi., page 1156^ seq. Professor J. 
P. Lesley, of Philadelphia, had also measured portions of the coast section 
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n file little Ghee B^&mc^ Md iMbbAed Ife lenks m Ae Jo«nak 
of AmaMj br S^yra 8eo«a for 1862 and 186S. 
In eoDtmnalkn and eonfimatian ef thb voek I kave nade detailed 
^trmeaiiifeneDtsortlieaectioMcsqnaed in A/t aeaciC^ aofivas thej are 
aeeeeiible, in die vesten half of ^ field, aad kope k tke eouae of &e 
present aeaeoB to eoiDfJeie diose in the eaetem halfl These aeeikos were 
ebtaiiied fir the Duoflt pari bj trarermg along the base of Ae aea cfi&, 
and bj diieet neaeorement of the thiekneasof thebedsaslheyeoBe ane- 
eeanrely to the aea lereL At die same time die nature of each 
stratmn and its fomH eontenta vere noted. The dips, as aseertained 
bj the efinometer and compass, were chedced whenerer it was poa- 
wble to do so, by reeording die points in the tnroae iriiere die more eon- 
Racoons beds intersect the hi^ water fine. 

The resnlts of the work thns hr efccted in this way, and herewith i»e- 
sented, eonsist of four complete and diree partial sections of the ProdactiTe 
Coal-nieasorea, ao far as known in the district referred to. The sections 
are srranged in co lum nar form, drawn to a seak of forty feet to an inch, 
with the thickness of die coal seams and of the aasoeiated strata dispoaed 

BBowimttoiiorin separate colomns. Thej are taken at die fdlowing diffn^nt points, 

'^'^^' Tis. : 1. The Gr^t Bras d'Or Entrance, Boolaidarie Island ; % The 
Sydney Mines and North Sydney; S. The Victoria Mines and Low 
Point ; 4. Low Point to lingan ; 5. The litde Bns d'Or Entrance, fitom 
the main seam to the Lloyd Core seam ; 6. Big Pond to Cranberry Head; 
7 The New Gampbellton mines. The foor first mentiimed sections inchide 
the whole of the ProdactiTe Goal-measores which are exposed from the MiS- 
stone Crrit to the ocean. Nos. 5 and 6 are only partial sections, andare other 
wise incomplete, owing to the imperfect character of the exposnres- No. 7 
is the section exposed in a horisontal tonnd driven transversely through a 
part of the measnres, where they are thrown into a nearly vertical poaticm 
at the New Campbellton mines, near the contact of a mass of syenite. 

In the Sydney mines sectacm the total number of beds thns measured 
and represented amounts to 371, and in the other complete sections 

CbMtifleAtiim of probably not fewer. They are claanfied into: — ^1. Ar^llaceous shale ; 
2. Arenaceous shale ; 3. Bed and green marl 4. Sandstone ; 5. Undei^ 
clay; 6. Limestone; 7. Black shale; 8. CoaL The aggregate thick- 
ness of all the beds at the Sydney mines section amounts to 1,838 feet 6 
inches, of which 40 feet 8 inches are coal, and 14 feet 10 inches lime- 

FoMUf. stone. Most of the limestone beds contain fos^ls, and specimens 

were collected and have been placed in the hands of Mr. Billing for 
determination. The time occupied in the field at this work was about 
two months, during which most of the known outcrops of the seams 
inland in the western district were visited and located, so that we were 
enabled with considerable certainty to trace the seams across this portion 
of the field. 
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I may here state that the long disputed point as to the identity of the 
coal seams on the opposite sides of Sydney Harbor would appear to be set 
lit rest by these investigations, wMch render it highly probable that the 
No. S and Ross seams of the Victoria mines are the equivalents respect- identity of 
ively of the Indian Cove and Main seams of the Sydney mines. In their 
extension east and west also there seem? no room to doubt the identity of 
the Indian Cove with the Northern Head seam at Lingan, and with the 
Blackrock and New Campbellton four feet seam at the Great Bras d'Or 
Entrance. Thus the small portion of the Productive Coal-measures 
exposed in the tunnel at New Campbellton, and represented in section No. 
7, must be regarded as belonging to the lower and not to the upper por- 
tion of the formation, as conjectured by Mr. Hartley. 

By extending this system of observation over the eastern half of the 
field, it is confidently expected that all doubt as to the identity of the coal 
seams at different and distant points will be removed — a matter of consi- 
derable economic as well as scientific importance. It is also hoped that 
much knowledge will be incidentally obtained — ^for which, perhaps, no 
more favorable opportunity coald anywhere be presented — as to the 
changes undergone by the various strata in their extension over great ^^^{^JJJJJ; 
areas, and throughout numerous undulations. The results thus far obtained 
Are reserved until the whole is completed. 

In addition to a large quantity of specimens, both of rocks and fossils, 
•collected by myself, I have been so fortunate as to secure, through the 
kindness of Mr. A. J. Hill, Superintendent of the Emery ndne, a fine col- ^^^mi»f 
lection of typical Carboniferous fossil plants, cluefly from the roof shales 
of the seam worked at that placp. Among these Dr. Dawson has recog- 
nized and described some new species, and there are others which I under- 
stand he considers may be new, but which are not yet determined. In the 
roof of the slope of this mine I observed and sketched a magnificent speci- 
men of the stump and roots of a SigiUariaj probably SigiUaria Sydnenmf 
the spreading roots occupying the full width of the slope (11 feet) and 
radiating from the stump with remarkable regularity. 

At the date of my last Report operations at the Emery mine had only been Emery mine, 
commenced, but have since been prosecuted with extraordinary energy. A 
detailed account of the present condition of the mine is herewith pre- 
sented. 

In the course of last season I visited and made a preliminary reconnais- 
sance of several places lying outside of and at some distance from the field ^^^Jingd^ 
of labor to which I had devoted special attention, and chiefly of such as 
were supposed to present objects of economic importance. Among these 
were: — 1. The Iron Mines of Whykokomagh; 2. The Brine Springs 
situated half-way between Baddeck and Whykokomagh, on the lake shore 
road ; 3. The Coal Mines of Broad Cove and Mabou ; and, lastly, the 
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Grand Karnnrs of Bras d'Or Lake, where a dock seam rf coal was 
enxmeondjr reported to hare been found. The information thus obtained 
although bjr no means ecnnplete, wiD, I trust, be available in fulnre and more 
minute examinations. Meantime I have secured specimens of the Tarioo^ 
productions from each of these localities, some of the mote impcntant of 
which are in the hands of Dr. Harrington for analjas. 

wnbj^okooMih In regard to the Whykokoma^ iron mines, I have to state that, although 
little has been done to develop them, it seems highly j»t)bable that they 
may prove to be of considerable economic importance, espedaDy if 
the coals of the district are found to be of suitable quality tor smelting 
the ore. This nuning property is situated at the southern extremity 
of St. Patrick's Channel, a deep navigable bay or inlet of Bras 
d'Or Lake, about 24 miles from Baddeck, and 18 miles from Port Maboo. 

Jjj>«<«<*'«fl- It will be traversed by a railway which is projected and will probably 
soon be constructed, connecting the coal mines of Broad Gove, Maboa, 
and other parts of Inverness county with a shipping port on the Strait of 
Canso, where it will connect with the railway system of ttie mainland of 
Nova Scotia and the rest of the Dominion of Canada. 

The geological horizon and mode of occurrence of the metaOiferoos 
deposits seem to me to be analagous to those at the Acadia Mines, Lon- 
donderry, Nova Scotia, as described by you in the Report for 1872-TS, 
pages 19-29. Operations have hitherto been confined to sur&ice explora- 
tions and trial pits, to determine the size and quality of the lodes, which 
appear to be quite numerous. One of these, on which a shaft has been 
sunk on it to a depth of fifteen feet, has been stripped for a length of 
800 feet, and gives every appearance of further extension. The bed or vein 
thus exposed is from ten to twelve feet in thickness, consisting of brown 
hematite, sometimes very pure but for the most part more or less mixed with 
quartz. * Specimens which have been subjected to assay are said to have 
yielded as high as 68^ per cent, of metallic iron, but I am unable to state 
the average yield from the whole quantity of ore excavated, amounting to 
140 tons. The facilities for mining and slupping the ore or its products, 
and for landing fuel, etc., are of the most favorable description. The 
shaft above referred to is situated at an elevation of 830 feet above the lake, 
which is only between 500 and 600 yards distant, with sufficient depth of 
water to load moderate sized vessels close to the shore. 

The brine springs referred to appear to issue from rocks lying towards 
the base of the Lower Carboniferous formation, and are situated on the 
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* SpecimenB of ore brought by Mr. Bobb from Wbykokomagh hare been examined by Dr. 
Harrington. They consisted ot a mixture of micaceous iron ore and magnetise with a considerable 
proportion of siliceous matter. One specimen contained 41. 28 per cent of metallic iron, and ano- 
ther 42. 64 per cent, of iron and 0.26 per cent of phosphoric acid. A. £. C. S. 



REPORT BY MR. CHARLES ROBB. 181 

north side of the Little Narrows of Bras d'Or Lake, between the shore 
and the road, about 12 miles south-west of Baddeck, on land belonging to 
John Watson, miller. Here several valine springs of more or less strength 
occur in close proximity over an area of about twelve acres of flat marshy 
land. Much hydrated peroxide of iron is deposited in the water courses, 
the odor of sulphuretted hydrogen pervades the atmosphere in the vicinity, 
and the vegetation is destroyed around all the springs. The strongest 
spring, from which about a gallon was taken for analysis, appeared to me to 
discharge from 100 to 200 gallons per minute. It was stated that by 
evaporating in two common iron pots, each containing about three gallons, 
from two to three bushels of salt were made per day, I was further 
informed that it had been proposed many years ago to establish works for 
the manufacture of salt at this place, and that machinery had actually 
been ordered for that purpose, but I am not aware for what reasons the 
undertaking was abandoned. The following are the results of an exami- 
nation, by Mr. Christian Hoffmann, of the sample referred to above :— 

" When received the brine had a brownish tinge, due to suspended ferric Chtrtotewoi 
hydrate, which, after the water had been standing for some time, settled 
down as a reddish-brown sediment, leaving the supernatant liquor perfectly 
bright and colorless ; this had a pure saline taste and was perfectly neutral : 
boiling caused a deposition of sulphate of calcium. The specific gravity 
was 1048.1. 

" The filtered brine contained in 1000 parts : 

Sodium 19.9423 

Potasgiom .' 0.1019 

Calcium ;. 1.6709 

Magnesium 0.0403 

Iron absent 

Alumina traces 

Chlorine 30.9585 

Sulphuric Acid (SO4) 4.0162 

Silica traces 

0B| 

Chloride of sodium 60.6881 

" potassium 0.1942 

" magnesium 0.1593 

Sulphate of calcium 5.6810 

Alumina traces 

Silica traces 



/ 



56.7226 

" The suspended matter for 1,000 parts of the brine amounted to 0.0068 
and this contamed 0.0054 of ferric oxide which had. In all probability, at 
one time entered into the composition of the brine as ferrous carbonate.'^ 
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COAL-FIBLDS OP INVBRNBSS COUNTY. 

The coal-fielde of Broad Cove and MaboUyin the county of InvemesB, 
compnse respectively small and isolated patches of the Prodactive Coal- 
measures. Together with those of Port Hood and Chimney Comer, 
in the same county, which were not yisited on the present occasion, they 
appear to constitute all that remains visible of that formation on the west* 

em side of the Island of Cape Breton. These minor coal fields ara 
bounded, at a short distance inland, by Lower Carboniferous rooks, urinch 

likewise separate them from each other along the coast ; but they may 

probably be regarded as portions of one basin which is now for the most 

part beneath the ocean. The occurrence of the Lower Carboniferous rocks 

between these detached portions of the overlying f<»rmatiOB, indicates the 

existence of a series of breaks and undulations in the measures, and 

accordingly the coal seams and associated strata are geaeraUy found to be 

# in a more or less disturbed condition. 

B^»di5)Te •'^^ coal-field of Broad Cove, however, appears to partake less of this 
character than the others named, the Produ^ctive measures there extend- 
ing to a considerable distance inland, and dipping at a moderate aagle 
seaward. The total area occupied by these measures on the land at this 
place, in so far as my very cursory examination warrants me in statist, 
may be estimated at about five square miles, which, together with 8<Nne 
adjacent lands, and a large extent of sea area, amounting in all to twenty 
square miles, are now held, partly under lease and partly under a license 
to search, by Mr. H. E. Boss of Sydney, Judge McCully, Hii*am Blan 
chard, Esq., and their associates. 

The rocks, consisting of the usual alternations of sandstone and shale, 
with several associated seams of coal, appeared to dip N. 10^ E. < 10^ — 
20^, with a strike nearly parallel to the sea shore. As little or no work 
has yet been done throughout these areas to develop the coal seams, and 
as the measurements made by me are only approximate, the information I 
have to convey on the present occasion must be regarded as very general. 

BnmnerttionofThe following is an enumeration of the coal seams in descending order, 
so far as observed by me, witii their approximate thicknesses and those of 
the interposed strata : 

1. A three feet seam, near the shore. 

2. A seven fi^et seam with 876 feet of strata intervening 

8. A four and a half feet seam with 437 feet of strata intervening. 

4. A three feet seam with 803 feet of strata intervening. 

5. A three feet nine inches seam with 32 feet of strata intervening. 
Between seams Nos. 1 and 2 another, said to be five feet in thickness, 

is reported to have been found, but was not seen by me, although its 
existence is regarded as probable. Exclusive of that last referred to, the 
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total quantity of coal contained in these seams may be roughly estimated Estimated 
at 26,000,000 tons on the land areas, and 84,000,000 tons additional if ^'^^^^y^'^** 
-worked under the sea for a distance of half i^ mile from the shore. The 
amount available under the sea may be very greatly increased by extend- 
ing the workings to a greater distance from the shore. 

Samples from most of these seams were taken for analysis and are now 
in the hands of Dr. Harrington for that purpose.* Judging from appear- 
ance, the coal, which is altogether of the bituminous kind, seems to be of ^^^^^^ ^^ 
excellent quality. From the manner in which it burns m a common fire 
I should judge it to be peculiarly free from liability to produce the dense 
black smoke which is an objectionable feature in the burning of the coals 
both of the Sydney and Pictou fields generally. 

The deyelopmont of these mining properties has hitherto been retarded 
by the want of a port of shipment, that part of the coast where they are 
situated bemg very open and exposed, and on that account difficult of 
acc^B. The projected railway, to which reference has been made above, SSSSoif*^'^ 
will, if constructed and put id operation, effectually obviate this difficulty. 

MINING STATISTICS. 

In addition to the ordinary field and office work in connection with the 
survey, considerable attention has been devoted during the past two 
winters to the collection of Mming Statistics for the entire Dominion. 
I have endeavored to carry out this work in prosecution of the system 
-which was inaugurated by you in 1869, the results of which for the three 
subsequent years have been published in the Report for 1871-72. I am 
sorry to state that the deficiency in the returns, the scantiness of which Se^j^^tow.*" 
up to that date we had occasion to regret, has been still more marked 
during the last two years ; insomuch that it has been found impossible to 
compile an annual statement at all approaching completeness. It is 
unnecessary to detail the causes which may be assigned for this deficiency. 
The number of printed forms issued for the last two years has been 160 ; 
the number returned only about 50. This is partly due to the fact that 
there has recently been a temporary suspension of operations at many 
mines. Under these circumstances it is thought advisable that the publi- 
cation of the Tables should, in the meantime^ be only triennial. 

I have the honor to be, Sir^ 

Your most obedient servant, 

CHARLES ROBB. 
Montreal, May, 1874. 



*Tli« afialjses will be giren ia an appendix. 
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SUPPLEMENTARY REPORT ON COLLIERIES IN OPERATION. 

I. — NEW CAMPBELLTON MINES. 

Work at these mines having been suspended at the time of my first visit 
to Cape Breton, in 1872, they were not included in the general account of 
collieries then in operation. In the fall of last year, however, they were 
re-opened, and have continued in operation ever since ; and I propose to 
supplement my former Report by an account of their present condition. 
^^^rSsre^ rt ^ special btcrcst attaches to this colliery on account of its geological posi- 
tion, as noticed in your Summary Report for 1870-71, page 4. 

The works have been carried on for the last twelve years, to a limited 
extent, and with occasional intermissions, by the proprietor, Hon. Charles 
J. Campbell, of Baddeck, who has displayed much energy and enterprise in 
the face of many adverse and difScult circumstances. The property com- 
^rS^** ^' ^^ prises three square miles, a small proportion of which is sea area, but easily 
accessible from the land. It is situated on the northern side of the Great 
Entrance of the Bras d'Or Lake, a very extensive and deep arm of the 
sea stretching far into the interior of the Island of Cape Breton, and 
lies at the north-western extremity of the Sydney coal-field, and about 
thirteen miles distant on the course of the beds, from the Sydney mines. 
Most of the coal seams of the Sydney mines are traceable throughout the 
whole of this distance, and, although at the Great Bras d'Or Entrance their 
direct continuity seems to have been interrupted, and their coursede fleeted 
considerably to the west, it is nevertheless believed on good ground that 
some of the most important seams of the district underlie the New 
Campbellton property in a basin shape, with their outcrops comprised 
entirely within the area. 

The surface of the ground throughout this area is for the most part very 
rough and irregular, thus rendering the tracing of the seams, and their 
identification at different points, a matter of some doubt and difficulty. 
The western boundary of the property is skirted by a high ridge of syenite 
upon the flank of which three coal seamS; one of six feet, another of two 
feet, and another of four feet in thickness, repose in a nearly vertical atti- 
tude. The whole group is included within a thickness of 110 feet, the 
two feet seam being between and about equally distant from the six 
and four feet seams, and the lowest not more than 500 feet &om 
the contact of the syenite. These have been traced, running in a perfectly 
straight course N. 55^ E., ovier a length of 100 chains, or one mile 
and a quarter ; and the four feet and six feet seams have been partially 
worked for a length of 560 and 53 yards, respectively, by a tunne, 
or adit, driven across the strike, and connecting both seams transversely 
at or near the natural drainage level. A considerable quantity of coal has 
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"been obtained here, chiefiy from the four feet seam, bj overhead workings 

in the ordinary bord and pillar method, above the levels, which are about 

150 feet from the sarface. 

At the distance of about three-quarters of a mile southward from the ^^ '^ »* 

tunnel a seam of coal, four feet five inches in thickness, and dipping E.< 

12^, crops out, and has been worked to some extent by a slope. Although 

its attitude and course are very different from those of the seam cut in the 

tunnel, there can be little doubt that the two openings are on the same 

seam, and that the area included yrithin and beyond the outcrops is in the 

form of a basin, which is underlaid by this, and by the accompanying coal 

seams, to the extent of their respective outcrops. In confirmation of this 
view, it is found that the seams themselves and associated strata, where 

seen along the side of the mountain to the southwest of the tunnel, mstead 
of maintaining the straight course which they have in the opposite direc- 
tion, gradually bend round to the south, with diminishing dip, to meet the 
seam worked at the slope. 

The four feet seam has been traced, partly by underground workings 
and partly by surface explorations, for a distance of nearly a mile across the 
the property, and extends, no doubt, over its entire breadth. The under- 
lying seams have been exposed at intervals to a sufficient extent to render 
it probable that they will also be found throughout in their proper relative 
positions. Thus, supposing these three seams to maintain their thickness, 
and to be unaffected by faults, they will underlie, at a moderate and easily 
workable depth, an area of 1,000 acres, an3 contain 18,000,000 tons of^«™;J^2f^ 
coal, exclusively of the vertical portions of the seams, which may be esti-**^**^* 
mated to contain 8,000,000 or 10,000,000 tons additional. It is proper 
to mention, however, that the six feet seam, where cut and partially 
worked at the tunnel, is irregular in thickness, and may not prove to he^^^^ffo^^^ot 
workable throughout its whole extent ; but, on the other hand, there are 
evidences of the existence of other seams lying both above and below those 
specified. It is also worthy of remark that, although that part of the area 
where the seams have been tested is in a disturbed condition, there is still 
a large portion of it in which the strata appear to be perfectly undisturbed, 
and where the coal seams may reasonably be expected to partake of the 
same regularity. 

The six feet seam at and near the tunnel yields a bright, clean, bitumi- 
nous coal ; it does not, however, as already remarked, maintain its regular 
thickness in the exposures hitherto made. The two feet seam, wherever 
it has been exposed, is also a remarkably fine and pure bituminous coal, cml ^ ^ 
and is very regular. The four feet seam, from which by far the largest 
amount of coal has hitherto been extracted, having'been worked, both at 
the tunnel and at the slope, very near the crop, is found to be somewhat 
contaminated with earthy and other impurities, which perhaps will dimi- 
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ish as the seam is worked farther to the deep, and in those parts of the 
area where the strata are undisturbed. 

Surface Works. — No machinery has hitherto been empbyed at the tun- 
nel workings, although it will be requisite in the ereiit of operati(«3 
being resumed there. . At this part of the property there are three dwell- 
ing houseSi a blacksmith's shop, coal screens, ete. At the slope there is 
a 10 horse-power steam engine, with yertieal IxMler and oscillating cylin- 
der, for hoisting, and a powerful ^^ Cameron " pump, supjdied with steam 
from a separate boiler. There are also ^eleven double houses for miners, 
storehouses, blacksmith's shop, powder magaone, coal screens, etc. 
The coal obtained at these mines is shipped from EeUy Gove, an inlet 
ShippiogpUee.Qf ^j^y ju the Great Entrance of the Bras d'Or Lake, forming a deep, 
capacious, and sheltered harbor, well adapted in every respect for a ship- 
ping place. This harbor is about three miles from the Atlantic Ocean, 
with which it is connected by a broad and deep channel. 

There is a good, though light, railway from the slope to the 
wharf, a distance of a mile and a quarter, with descending grade for 
the most part. The gauge of the railway, which is capable of being 
worked by a locomotiye, and is about to be supplied with one, is 3 feet 6 
inches, with T. rails, 35 pounds to the yard. The rsdlway is equipped 
with 40 or 50 trucks or wagons, each of the capacity of a ton and a half 
From the slope to the tunnel a tramway has also been graded and laid 
with strap rails on longitudinal timbers ; this part of the road, however, 
has been allowed to fall into aecay in consequence of theniiscontinuence of 
the tunnel workings. 

At die slupping place at Kelly Gove there is a substantially built wharf 
with all requisites, shute, etc. ; and capable of accommodating at one 
time three vessels for loading coal, and an equal number discharging cargo. 
The depth of water at (he wharf is sixteen feet, and could be easily increased 
to twenty feet, by extending it a little farther from the shore. There are 
also at this point storehouses, managers' houses, blacksmith's and wagon 
repair shops, etc. 

Underground Works, — During the time these mines have been in 
operation, the coal has been obtained partly from the tunnel and partly 
from the slope workings. The extent of the former has already been 
specified ; they were discontinued at that point chiefly in consequence of 
Slope workings, the limited extent of the seam available overhead, and until preparations 
could be made for inking below the level of the tunnel. The slope has 
been driven 200 feet on the angle of dip ; levels have been extended 385 
yards north-west and 140 yards south-east ; and the coal, of which a thick 
ness of four feet is available, has been extracted to the rise in the ordinary 
pillar and bord system. The aggregate quantity shipped from the date of 
commencement to that of temporary suspension in 1867 — all of which met 



Whart 



Tnxmel work- 
ings. 



Prodnetion. 



REPORT BY MR. CHARLES ROBB. 187 

-ii^ith a ready market — is 27,066 tons large, and 2,187 tons small coal, 
"besides that used at the works. 

Operations were resumed last summer at the slope by sinking further 
to the deep, and are said to have been attended by a marked improvement 
in the quality and available thickness of the seam, with a diminution in 
the angle of dip. From the last accounts received from the mine, it seems 
reasonable to expect that, with an additional 200 feet of sinking on the slope 
— a work which is now in progress — the seam, which has hitherto been 
worked altogether too near the crop, will yield from four and a half to five 
feet of good coal. 

II. — EMERY MINE. 

The extent, situation and general conditions of the property on 
which this mine has been established are described ii the Report of 1872-78, 
page 267-269, where it is also stated that mining works were commenced 
in the autumn of 1872, Since that date the colliery has been brought 
into productive and prosperous operation, through the agency of Mr. 
Oisbome, and under the immediate superintendence of Mr. A. J. Hill. 
Hecently the whole of the mining areas enumerated on page 270 of my 
-report above cited, together with the Glasgow and Cape Breton railway 
connecting them with Sydney Harbor, have been amalgamated under one 
Company of English capitalists, called the " Glasgow and Cape Breton Coal New comiMmj 
and Railway Company," of which Mr. Gisbome has been appointed local 
general manager. The extension of the Glasgow and Cape Breton railway R^»7 •ccom- 
to the Port of Louisburg, the advantages of which are referred to on the 
same page of the Report of last year, forme also a part of the operations of 
this company ; and this work is now actually under construction, and 
expected to be completed in the course of another year. 

Surface Works. — The seam, hitherto called the Ross, but now, in 
order to avoid confusion, proposed to be called the Emery seam, has been 
proved by the workings to vary from four feet nine inches to five feet ten • 

inches in thickness of excellent coal, dipping N. 49^ 30' E < 6^ 12' or 1 
in 11. Access to the underground workings is afforded by a slope 11 feet 
wide by 5 feet 5 inches in height. Hitherto the slope has been worked Machinvj, 
by two portable winding engines of about 50 horse combined power , with 
two winding drums, 5 feet in diameter, multiple gear Si to 1, and steel 
wire rope 2i inches in circumference. There is also a 16-horse portable 
engine for driving the machinery of a rapair shop. These portable 
engines have only been in use temporarily, being about to be replaced by 
an engine and machinery the counterpart of those described in the notice 
of the Reserve Mine (Report for 1872-73 page 267.) The mme is dramed Drtiiiax» 
by two 7 inch Cameron steam pumps, one of 12 inches and the other of 
'20 inches stroke ; also by a vertical double plunger pump, with 12 inch 
fjt^am cylinder, and plunger 5 inches in diameter and 10-inch stroke. 

N 
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Underground Works. — The slope has been driven about 1,150 feet oa 

Extent of work- the full dip of the seam, and the main levels have been extended 750 feet on 

"**' the north-west side and 500 feet on the south-east side of the slope. The 

thickness of the seam at the former end is four feet nine inches, and at 

the latter five feet ten inches. The seam is worked on the usual bord 

and pillar system, the pillars being left 45 feet long and 18 feet wide. 

The gauge of the railways underground is 2 feet 2i inches, laid with 

bridge rails, 18 pounds to the yard for the level roads and slope, and 14 

SSwayT^"** pounds for the working rooms and bank. The number of tubs at present 

employed is 90, their capacity 24'5 cubic feet. There are at present 60 

Men employed, coal-cutters employed in the mine, and the total number of hands in the 

pit and on the bank may be about double that number. Six horses are 

used underground and about the same number on the surface. There are 

18 double houses for miners, besides many other buildings connected with 

the establishment. 

Production. — The capability of this colliery with the present appliances, 
and at the present rate of production, is from 220 to 230 tons per day, and 
the total ajnount sold during last year 14,000 tons, most of which 
was, of course, obtained before the mine had been brought into full 
operation. The total production up to the present date is about 40,000 
tons. The coal has been sold chiefly in Montreal, New York, and to 
merchant steamers calling at Sydney, and has given good satisfaction. 

CHARLES ROBB. 

Montreal, May, 1874. 



APPENDIX TO MR. ROBB'S REPORT. 

NOTES ON SPECIMENS OP COAL FROM THE INVERNESS COAL-FIELD, CAPE 

BRETON. 

BY 

MR. CHRISTIAN HOFFMANN. 

Bfeetieam No. 1. * "3 feet seam." 

Does not soil the fingers ; colour black ; lustre bright ; banded, the 
successive layers differing in lustre ; powder black with a faint brownish 
tinge ; fracture uneven ; contains iron-pyrites visibly disseminated through 
it ; when boiled in a solution of caustic potash it communicated a brown- 
ish-yellow colour to the solution. 

By slow coking the under portion of the powder alone was slightly sin- 



* The numbers here, with the exception of 3, correspond with those of the seama gi^en 
on page 180. 
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tered, the middle and upper portions reiBaining pulverulent. Fast coking 
gave a compact and hard coke of a steel-grey colour and bright lustre. 
Ash reddish-brown. 

The analysis gave : 

Slow coking. Fast coking. 

Water 7.92 7.92 

Volatile combustible matter 27.56 34.71 

Fixed Carbon 53.75 46.60 

Ash 10.77 10.77 

100.00 100.00 

Coke 64.52 57.37 

Ratio of volatile to fixed combustible 1: 1.95 1 : 1.34 

No. 2. "7 feet seam." ^^^^ 

Does not soil the fingers ; colour black ; lustre bright ; banded, the * 
successive layers differing in lustre ; planes of cleat distinct and at right 
angles to the plane of bedding ; fracture uneven ; powder black ; when 
boiled in a solution of caustic potash it imparted no colour to the liquid. 
The specimen contained layers of a honey-yellow coloured, translucent and 
brittle mineral, which upon examination proved to be zinc blende. Dr. zinc blende 
Harripgton recently detected this mineral in a specimen of clay iron-stone '^^ ^ 
from Pictoa County, the first instance in which it had been found in the 
Carboniferous of Nova Scotia. The occurrence of zinc blende in this 
coal is, therefore, interesting as shewing that it not only occurs in the 
clay iron-stone, but likewise in the coal itself. 

By slow coking the under portion of the powder was slightly sin- 
tered, the rest remaining pulverulent. Fast coking gave a compact and 
hard coke of a steel-grey colour and bright lustre. Ash very pale grey. 

During the process of fast coking and just prior to the completion of Deportment of 
the operation there occurs invariably a slight explosion, probably from the coking. * 
sudden escape of confined gases. None of the other coals here examined 
comported themselves in this manner, although Dr. Harrington has 
observed the same peculiarity in several coals from the Sydney coal- 
field. 

An analysis of this coal gave : 

Slow coking. Fast coking. 

Water 4.02 4.02 

Volatile combustible matter 20.17 26.39 

Fixed carbon 70.41 66.19 

Ash . 6.40 6.40 

100.00 100.00 

Coke 75.81 70 69 

Ratio of Yolatile to fixed combaatible. 1 : 3.49 1 2.56 
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ifleetseua. Ko. 8. ^^ 5 feet Beam.'' 

Does not soil the fingers ; colour black ; lustre bright ; banded, the 
successive layers differing in lustre ] planes of cleat very marked and 
inclined to the planes of bedding at an angle of about 60^ ; fracture 
uneven ; colour of powder black with a iaint brownish tinge ; iron-pyrites 
visibly disseminated through the coal. Boiled in a solution of caustic 
potash it imparted to the liquid a brownish-yellow colour. 

By slow coking the particles are only very sli^tly sintered togetiier. 
Fast coking gave a compact and hard coke of a steel-grey colour and a 
bright lustre. Ash reddish-brown. 

Analysis gave : 

Slow coking. Fast coking. 

Water 7.78 7.78 

Volatile combustible matter 27.67 34.51 

Fixed carbon ^ 52.87 46.03 

Ash 11.68 11.68 

100.00 100.00 

Coke 64.55 57.71 

Ratio of volatile to fixed combustible 1 : 1.91 1 : 1.33 

8 feet fleam. No. 4. " 3 feet seam." 

The characters of this coal are similar to those just given for number 8, 
except that the planes of cleat are at right angles to those of bedding, and 

that the ash is brownish-grey in colour. 
Its analysis gave : 

Slow coking. Fast coking. 

Water , 8.49 8.49 

Volatile combustible matter 28.33 36.82 

Fixed carbon ., 56.99 48.40 

Ash 6.29 6.29 

100.00 100.00 

Coke 63.28 54.69 

Ratio o( volatile to fixed combustible 1 : 2.01 1 : 1.31 

8 feet 9 inches No. 6. ^^ 3 feet 9 iuchcs scam." 

*'*°^' The description given under No. 3 is appUcable here, except that the 

planes of cleat are at right angles to those of bedding, and the ash of a 

Ught brownish-grey colour. 
Analysis gave : 

Slow coking. Fast coking. 

Water 8.45 8.45 

Volatile combustible matter 28.36 36.52 

Fixed carbon 56.94 48.78 

Ash 6.25 6.25 

100.00 100.00 

Coke 63.19 65.03 

Ratio of TolatUe to fixed combustible «1 : 2.00 1 : 1.33 
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On glancing over the foregoing analyses, It will be seen that while Nos. 
1 and 3, and 4 and 5, respectively, agree most closely, yet i^e four do not, 
apart from the percentage of ash, differ very materially in composition : 
they contain a rather large percentage of water, and their powders when 
boiled in a solution of caustic potash communicate to the solution a brown- Approxmuitioii 

.In chftncten to 

ish-yellow colour, so that, although belonging to the Carboniferous, they 
approach in character to brown coal. Goal No. 2 stands by itself ; it 
contains far more fixed carbon, and less water than the others, and its 
powder, when boiled in solution of caustic potash, imparts no colour to it. 
Its large proportion of fixed carbon is a point worthy of notice. 

CHRISTIAN HOFFMANN. 



NOTES 



OV THX 



IRON ORES OF CANADA AND THEIR DEVELOPMENT, 



BT 



B. J. HABRINGTON, B.A., Ph.D. 



ADDSES.^ZD TO 



ALFRED R. C. SELWTX, Esq., FJI.S., F.G.S., 



DISECTOB OF THE GEOLOGICAL SUBVET OP CANADA- 



8otiree« of 
laformatioD. 



^oknowledff- 
ment of Msis* 
taDce. 



Montreal, May, 187i. 

Sir, — Much has been written about the iron ores of Canada, not only 
by officers of the Geological Survey, but by others interested in the devel- 
opment of the country's resources. The information, however, is to be 
found mainly in scattered reports and papers, many of which are not 
readily accessible to the general public. In the accompanying report I 
have endeavoured to bring together concisely some of the more important 
facts which they contain, at the same time supplementing them, when pos- 
sible, with the results of my own more recent observations. 

During the past summer a large number of iron localities were visited, 
and valuable collections of the ores made, which are now available for the 
Museum. The information contained in the last part of the report, under 
the head of " Economic Considerations," was partly obtained during this 
tour among the mines, and partly through the medium of correspondence 
subsequently carried on. If it is incomplete, the difficulty of obtaining it 
must be borne in mind. 

To Principal Dawson, as well as to many other gentlemen whose names 
are given in the report, my thanks are due for much valuable assistance 
and information. 

I have the honour to be. 

Sir, 

Tour most obedient servant, 

B. J. HARRINGTON. 
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REPORT. 

The iron ores of the Dominion have a wide range, both geographical giaw^tttion of 
and geological. From Vancouver Island on the west to Cape Breton on 
the east they occur at varied intervals ; little, however, being known of 
their extent or importance, except in the provinces on the eastern side of 
the continent. 

From the Laurentian days down to the present moment, processes of ^j<JJJJ^^**"« 
concentration, both chemical and mechanical, have been in operation, 
often resulting in the formation of beds and veins of ore. The processes 
have doubtless, to a certain extent, differed in kind, and have operated 
under more or less favourable conditions, and the ores, subsequently to 
their deposition, have frequently been subjected to agencies, depriving 
them of their original characters, so that it is not surprising to find them 
differing widely in chemical composition and physical characters; They orS^^^^*^ **' 
may, however, be classified as follows : — 

I. — ANHYDROUS OXIDES. 

1. Magnetic Iron Ore or Magnetite. 

2. Hematite, including crystalline and earthy varieties. 

3. Titanic Iron Ore. 

II. — HYDROUS OXIDES. 

1. Limonite or Brown Hematite. 

2. Bog Ore. 

III. — CARBONATES. 

1. Spathic Ore. 

2. Clay Iron-stone. 

MAGNETIC IRON ORE. 

The most important deposits of this ore occur in rocks of Laurentian Age oi magne^ 
and Huronian age, but it is also found in rocks which have been referred 
to the Lower and Upper Silurian, as well as in the Devonian and the 
Trias. The iron sands of the Gulf of St. Lawrence, moreover, give us 
examples of deposits of more recent date, and form one of the best possible 
illustrations of the great concentrating processes carried on by Nature. 

The mode of occurrence, mineral associations, and chemical composi« 
tion of some of these ores will now be considered ; and since a dividing 
line cannot, in our present state of knowledge, be in all cases drawn Laarentiui and 
between the Laurentian and Huronian, the magnetites which probably magneutos 
belong to both these great divisions will be classed together. gether. 
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MODE OF OCCURRBNCE AND MINERAL ASSOCIATIONS OF LAUEENTIAK ANI> 

HURONIAN MAQNSTITES. 

So few of our mines have been extensively worked that opportunities^ 
for studying the character of the deposits are exceedingly limited as com- 
pared with those afforded in Norway and Sweden, and also in New York, 
and New Jersey. There seems, however, little doubt that, while the- 

Beds and yeinf. larger and moro important deposits, such as the ^^ big ore-bed " in Bel- 
mont, are interstratified beds, true veins of magnetic iron ore also occur. 

Foley mine. At the Foley mine in the township of Bedford, the country rock, which 

is a diorite shewing little or no indication of bedding, is cut not only by 
the deposits of magnetite, but also by veins of coarsely crystalline calcite, 
the two minerals being in some cases associated. No one would hesitate 
in calling the deposits of calcite veins, and the magnetite, so £ftr as could be- 
observed, occurred in quite an analogous manner. The magnetite, more- 

g!jJj?Sf ^^^^5 ^^ found here in large octahedral crystals, the axes of which are 

■»«nettte. often more than an inch in length ; these crystals are somewhat rude, but 
* their surfaces are covered with smaller ones which though minute are welL 
formed. In the undoubted beds, the magnetite, so far as I have observed, 
is generally granular or massive, but does not occur in large crystals of 
definite form. The mere occurrence of crystals, however, would in itself 
be no proof of the deposit being a vein. 

Again, on lot 6, range 8, of Marmora, near the " marsh ore-bed,'' an 
opening has been made in a deposit of magnetite ; the opening is too 
small to give any idea of the true nature of the deposit, but the associa- 

flqipoeed yein. tion of minerals is such as is usually found in veins rather than in beds. 
The minerals are calc-spar, fluor-spar, feldspar, hornblende, spathic 
iron, cubic pyrites, magnetic pyrites, copper pyrites. 

Yeins in Boss Sir William Logan mentions the occurrence of veins of magnetite in 

iiam. ^^ *' the crystalline limestone of Ross, opposite Portage du Fort, (Geol. of 
Can., 1868, p» 87), and also a vem in Buckingham composed of large 
cleavable masses of feldspar and magnetite (Ibid. p. 20.). 

-'Granitic ^^ ^® Report of the Geological Survey of New Jersey for 1878, p. 27, . 

Jersey ^ ^^^ " * coarso Crystalline granitic dyke " is mentioned, and stated to be com- 
posed of feldspar, quartz and magnetite. It may be, however, that this 
is in reality a segregated vein and not a dyke. 

The magnetic ores of New Jersey in many respects resemble our own. 
The workable deposits are now regarded as of sedimentary origin, though 

ErnptiTe origin formerly belicvcd to be eruptive.* The latter view was also taken by Sir 

<rf depo6it8. Roderick Murchison as to the origin of some of the rich deposits of magne- 
tite in the Urals f t and many of the deposits of magnetite in Norway and 



• Gkologj of New Jersej, 1^68, p. 533, and also Report jtor 1873, p. 18. 
t Geologj of Russia, pp. 372 and 380; 
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Sweden have been considered as eruptive by Dorocher and others. None 
of the Canadian magnetites, so far as I am aware, have ever been regarded 
as eruptive, at least by the officers of the Geological Survey. 

Concerning the origin of our sedimentary magnetites, the question arises ^>^^ of sedi- 
as to whether they were originally deposited as such, or in some other ^^''•i — 
form, and afterwards altered to magnetite. It seems possible that, in 
some cases, beds may have been formed by the accumulation of iron sands, 
just as they are forming in the Gulf of St. Lawrence to-day, the material 
being derived from the disintegration of pre-existing crystalline rocks. 
Such beds we should expect to contain not only magnetite, but ilmenite, 
and it is well known that in many cases ores on being pulverised may be 
more or less completely separated into a magnetic portion containing 
little or no titanic acid, and a non-magnetic portion consisting essentially of 
ilmenite. It seems, however, probable that in general their origin has 
been similar to that of the modem bog and lake ores. Deposits of magne- 
tite, as a rule, do not continue of uniform thickness for any great distance 
like the enclosing rocks, and this is just what might be expected if we sup- 
pose them to have originally occurred as bog or lake ores which accumu- 
lated m local hollows or depressions. No ore, moreover, would be more 
readily converted into magnetite than bog ore, on account of the consider- 
able proportion of organic matter which the latter contains. 

In this connection may be described a very simple but interesting cuhoiu deport- 
experiment tried with a specimen of bog ore from L'Islet, containing 
about 22 per cent, of water and organic matter. The pulverized ore was 
placed in a platinum crucible, and heated for an hour at a temperature of 
190^ F. At the end of that time it had parted with its combined water, 
or at any rate with sufficient to cause the colour to change from brown to 
bright red. It still, however, retained organic matter, and on heating 
for a few mmutes in a tightly closed crucible, and at a temperature consi- 
derably below redness, a reduction of the peroxide ensued, and a black 
strongly magnetic powder was obtained, apparently consisting of magnetic 
oxide, and not of metallic iron, as it occasioned no precipitation of metallic 
copper in a solution of the sulphate. The cover was now removed from the 
crucible and a red heat given, when* in a short time the powder again be- 
came red, or rather purplish-red, and non-magnetic. Finally, the heat was 
raised a little higher (to bright redness), and soon the powder became 
black and strongly magnetic, having apparently parted with a portion of ■ 
its oxygen. These changes are instructive, for while brought about in the 
laboratory they might take place in nature. They shew, too, that in 
some cases magnetites may have been formed from such ores as bog ore 
at comparatively low temperatures, the reduction being due to the organic 
matter of the ore. 

That a magnetic oxide should be converted into a non-magnetic oxide> 
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as described above, is a curious fact. It is generally stated also that per- 
oxide of iron requires a white heat to convert it into magnetic oxide, but 
the heat of an ordinary Bunsen burner has been found, to readily convert 
limonites, even when free from organic matter, into magnetic oxide. 

Durocher, speaking of the Scandmavian ores, says : " The deposits of 
magnetic iron ore occur in rocks of very varied character, and it does not 
appear that their richness is influenced by the nature of these rocks ; some 
are enclosed in ordinary gneiss, others in quartzose, micaceous or horn- 
blendic schists, or else in calcareous beds ; others are found at the line of 
contact of granite aijd gneiss, rarely in the granite itself; there are some 
which form part of dioritic or hornblendic masses enclosed in the gneiss." 
Most of what Durocher states here might be said with equal truth of our 
deposits, as will be seen from the examples which follow : 

At the well known Hull mines the magnetite occurs in crystalline lime- 
stone containing graphite, mica, and, more rarely, pyroxene. 

At Blairton in Belmont (the big ore-bed) the ore is interstratified with 
diabase, greenish epidotic and chloritic rocks, and crystalline limestone. 

At the Seymour ore-bed in Madoc the ore is underlaid by a thin band 
of soft mica-schist, and overlaid by reddish-grey, highly feldspathic rocks, 
in places porphyritic, and occasionally passing into syenite or syenitic 
gneiss. On the run of the bed to the eastward also, dark grey 
hornblendic rocks occupy the surface at times, as well as the feldspathic 
rocks just alluded to. Daubr^e mentions the occurrence of a petro-sili- 
ceous rock at Dannemora which would appear to resemble somewhat the 
feldspathic rock near the Seymour ore-bed. It is known to the miners as 
h&lUflinta^ and is here and there porphyritic. (Ann, des Mines [4], iv. 
p. 228.) 

At the Chaffey mine, in South Crosby, the ore occurs in coarsely crys- 
talline gneiss, containing both mica and hornblende. The gneiss adjoins a 
band of crystalline limestone. 

On the west half of lot six, in the third concession of Bedford, the 
country rock is of exceedingly varied character. Among my specimens 
there is one consisting of an aggregate of black hornblende and greenish 
white feldspar ; another consisting almost entirely of green translucent 
crystalline pyroxene ; others are made up of similar green pyroxene, 
together with a little black hornblende, grains of magnetite, and in some 
instances a considerable proportion of calcite. Though the ore is more 
directly associated with these hornblendic and pyroxenic rocks, it is 
removed but a very short distance from a band of white crystalline lime- 
stone. 

During the winter of 1872-73 several openings were made in deposits 
of magnetic ore on lots twenty-one and twenty-two of the second range of 
Bristol, Pontiac county, Quebec. The ore here forms a series of beds, 
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iDtcrstratlfied with reddish syenitic gneiss and glistening micaceous 
and hornblcndic schists. The thickness of what appeared to be the 
most important and the uppermost bed could not be ascertained at 
the time of my visit in July last, as the opening upon it was nearly 
full of water ; judging, however, from the quantity of ore taken out, 
the thickness must be considerable. Besides this bed, three 
others had been exposed by stripping; one of them was two feet 
thick, another only a few inches, but underlaid by occasional small 
lenticular patches of ore, while the fourth appeared to be about nine or ten 
feet thick, so far as the small amount of work done enabled one to judge. 
The micaceous and hornblendic schists in which the last mentioned bed 
occurs strike approximately east and west, dipping northward at an angle 
of only 35^. The general strike of the rocks as observed in the country 
for several miles east of the mines varied between E. and W. and E. 30^ 
N., the angle of dip being usually high. 

In the Report of progress for 1872-78, p. 131^ Mr. McOuat mentions 
the occurrence of magnetite interstratified with quartzite on the eighth 
portage of the Quinze. The ore forms " layers from the thickness of tj»® " Q**^" 
paper to about an inch, and is interlaminated with similar layers of whitish- .t . . 
grey and dull red, fine-grained quartzite. The iron ore constitutes pro- // j 1 
bably from a fourth to a third of the whole, and, as the thickness of the 
whole band is about thirty feet, the total thicknes of the layers of iron 
would probably not be less than eight feet." Some of the Michigan ores 
occur in an analogous manner, and are, I believe, considered to be of 
Huronian age. Examples of a similar mode of occurrence are also to^ I 
be found in Scandinavia. On the third lot of the fifth range of Elzevir Eizev4 
magnetic ore is said by Mr. Macfarlane to occur in a talcoso or steatitic • 

rock. I \ I 

In speaking of the Foley mine, on page 194, 1 have incidently referred j 
to the ore occurring in diorite. This rock forms extensive beds in the Dioriie. 
Laurentian as well as in the Huronian series. I say beds, although in 
many places it is quite impossible to distinguish the rock from diorites of 
igneous origin. It, however, appears in general to follow the sinuosities 
of the beds on either side of it, and is sometimes seen to graduate into 
hornblendic and micaceous schists. Many of the so-called Laurentian 
granites though locally shewing no parallelism in the arrangement of the 
constituent minerals, in like manner pass gradually into unmistakable 
gneisses. 

The term diorite strictly speaking belongs to an igneous rock, and 
there seems to be no good name for a similar aggregate of sedimentary 
origin. Such an aggregate is sometimes called ^^hornblende-rock;" 
but this is certainly an erroneous name for a rock which is at times 
half made up of feldspar. Hornblende rock, strictly speaking, consists 
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mainly of hornblende ; but according to ^kel, by the addition of 
oligoclase, it passes now and then into diorite. * Cotta also says 
that the addition of feldspar to hornblende rock canses a transition 
into diorite. In using the term diorite in this way we make the name 
depend upon the mineral constituents of the rock, ignoring altogether the 
origin. What is needed is a term bearing the same relation to diorite that 
gneiss bears to granite. 

At many places in Hastings and Addington counties, and elsewhere in 
Ontario, fine-grained diorites occur ; those, however, which are associated 
with magnetic iron ore in the townships of Bathurst and South Sher- 
brooke are generally coarse-grained. The latter, in addition to black or 
dark green hornblende, and white, greyish or greenish feldspar, often con- 
tain scales of dark brown mica, grains of magnetic iron ore, and small 
quantities of quartz.! 

The feldspar was as carefully separated as possible from a specimen of 
the coarsely crystalline variety occurring at the Fournier mine. It was 
white to pale grey in colour, and in places shewed the striations character 
istic of triclinic feldspars. The specific gravity was 2.68-2.64 and hard- 
ness about 6. Before the blowpipe it fused at about 4 to a white enamel. 
An analysis gave the following results : 

Silica 58^8 

Alumina 24.78 

Peroxide of iron traces 

Lime 4.84 

Magnesia 0.20 

Soda 6.63 

Potash 2.15 

Water 1.85 



99.03 



It may accordingly be referred to the species oligoclase, although in 

some rspects resembling andesite. The latter species, however, so far 

as I am aware, has not been noticed as a constituent of diorite. Besides the 

dark green hornblende associated with it, there were tolerably abundant 
scales of dark brown mica, and more rarely grains of quartz. 

The examples given suffice to illustrate the variable character of the 

rocks containing deposits of magnetite in our old crystalline series. It 

should be remarked here that, while it is exceptional to find such deposits 



t * Lebrbnch der Petrograpbie, Band I. S. 304 

t Gesner in his "Third Report on the Geological Survey of New Brunswick" mentiona 
the occurrence of magnetic ore near Bull Moose Hill in the Parish of Springfield, in rocks 
which, judging from his description, appear to be somewhat similar to the coarse dioritic 
rocks of Bathurst and South Sherbooke, although he speaks of them as syenite. 
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in limestone, they very frequently occur near the junction of other rocks proximity of 
with the limestone. This fact should always be kept in mind in tracing J^StoiS* *^ 
or searching for magnetites, as the limestone bands are continuous and 
constant in character for long distances. - 

The minerals associated with our magnetic ores form a subject of study Minena aasoeia- 
not only of scientific interest but also of economic importance, inasmuch as tite. °^^^'^ 
the quality of the iron produced often depends largely upon their presence 
with or absence from the ores, as the case may be. In Norway and Sweden 
a great many minerals have been detected, associated with the magnetites, 
which have not been observed in ours ; they may, however, be found when 
the mines have been more fully developed. 

The following is a Ust of the minerals collected last July and associated 
with the magnetites of this division (Laurentian and Huronian) : 

Apatite. Limonite. 

Calcite. Malachite. 

Ghalcopyrite. Mica, (probably Muscovite and 

Chlorite. Phlogopite). 

Epidote. Pyrite. 

Feldspar. — Orthoclase Pyroxene, 

and Oligoclase. (see p. 198) Pyrrhotite. 

Fluor-spar Quartz. 

Garnet. Serpentine. 

Graphite. Siderite. 

Hematite. TaJc. 

Hornblende (several varieties.) Uran-ochre. 
Ilmenite. 

Apatite. — ^This mineral occurs in a granulai* condition, as well as crys- 
tallized, associated with the magnetite, at the Foley mine, and also on the 
adjoining property (Bathurst, lot eight, range nine). At the Foley mine 
well formed crystals of apatite are sometimes found scattered here and there 
among the large octahedral crystals of magnetite. Apatite is of course 
an unwelcome associate, for when the ores are smelted the phosphorus General rree- 
passes into the iron, rendering it cold-short. Fortunately the magnetites pho«ptul.to8. 
of this group are in general very free from phosphates. 

Calcite. — This is a very frequent associate of magnetite. Sometimes 
it is well crystallized, at others it occurs in large cleavable masses, 
while in some cases it is granular At the Forsyth mine (Hull) 
crevices in the ore often contain small but perfect crystals, both in the 
form of hexagonal prisms and in scalenohedra. Small rhombohedral crystals 
were also observed associated with the titaniferous magnetite at the Yankee 
or Mathew's mine in South Crosby. Large cleavable masses of white and 
pink calcite are a3S0ciated with the magnetite at several localities in 
Bathurst, and granular calcite at some of the openings in Marmora. 
Limestones, we have already seen, are sometimes the country rock and 
sometimes interstratified with beds of magnetite. Calcite in limited 
quantity cannot be regarded as an injurious accompaniment of iron ores. 



i 



200 GEOLOGICAL SURVEY OP CANADA. 

as, if not present;, it has to be adled, in the form of limestone, to form a 
slag in the smelting process. 
Copper orejinot Chalcopvrite. — Ores of copper seem to be rarely associated with our 

common with • ^-m • i 

magnetite. magnetites. Copper pyrites, however, is said to accompany the ore at the 
marsh ore-bed. It also occurs at the opening on the same lot referred 
to on page 194, and on the seventh lot of the second range of Escott. 
Small quantities of copper pyrites, partially converted into malachite, were 
observed in a vein cutting the magnetite of the Seymour ore-bed. The 
vein was composed mainly of quartz, actinolite, and calcite. The general 
absence of copper ores from our deposits of magnetite is a point in their 
favour, as it is well known that copper produces red-shartneM in iron. 

Chlorite. — A green mineral occurring among other places at the Hull 
Chaffey, and Yankee mines, probably belongs to this species. It is some- 
times disseminated through the ore, and sometimes, together with calcite, 
Chlorite Bt forms thin veins, or covers the ^ alls of joints. Chlorite occurs in an 
mines. analogous manner at the celebrated Dannemora mines in Sweden, and 

Daubrde referring to this fact, says :* " The magnetite is there intimately 
mingled with chlorite, more rarely with calcite ; the ore, of a dull colour 
and fine grain, is traversed in every direction by fissures which divide it 
into little polyhedra. The walls of separation of these polyhedra are 
planes, and usually clothed with a brilliant coating of chlorite which 
sometimes also forms little veins." 

Epidote, — A green mineral associated with the magnetite of the big 
ore-bed at £lairton has been referred by Dr. Hunt to this species. It is 
frequently accompanied by small brilliant crystals of pyrites. 
,fi^^" Feldspar, — Examples have already been given of the occurrence of 

magnetite in gneiss. In such cases the magnetite is often more or less 
mingled with the orthoclase and other constituents of the gneiss, and places 
may be observed where there is a gradation of the gneiss into a bed of 
magnetite by the addition and gradual increase in quantity of the latter 
mineral. A feldspar from the Foumier mine having the characters of 
oiigociase a» a oligoclasc has been described on page 198. Oligoclase would form abetter 
gangue- ne. gj^j^g^g^g^Q^g fop ^^ Jj.qjj qj.^ ^]^^^ orthoclasc, for, being more basic, it 

would require the addition of smaller quantities of lime in order to form a 
slag. 

Fluor-spar. — This species was observed as an associate of magnetite in 
one locality only — on lot six, range eight, of Marmora. A specimen 
before me is of a pale sea-green colour, but somewhat stained with peroxide 
of iron. It forms a mass of several cubic inches, embedded in magnetite, 
pyrites, and calcite. The presence of fluor-spar with iron ores would in 
many cases be advantageous 



*Anii. des Mines, [4] W.j p. 222. 
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Garnet. — A reddish-brown variety of this mineral, approaching cinna- 
mon-stone in colour, and associated with several other minerals in smaller 
quantity, forms the gangue-stone of what is perhaps a vein of magnetite 
on lot three, range five of Grenville. In places the gangue-stone is com- 
pact, but more frequently cavernous, the cavities being lined with beautiful Beaatiftii crys- 
dodecahedral crystals of garnet. Occasionally also, delicate rhombic **^^ ^' *^*™^*' 
prisms, apparently of hornblende, shootout from the sides of these cavities. 
Garnet is frequently associated with magnetic iron ore in other parts of 
the world, as for example at Schmiedeberg, where, according to Cotta, it 
occurs in brownish-red or red trapezohedral crystals with striated planes. 
Ghraphite. — This species, as repeatedly noticed in the Reports of the 
Geological Survey, occurs in the form of scales disseminated through 
much of the magnetite at the Hull mines. According to Daubr^e it is 
also associated with some of the Swedish jnagnetites. 

Hematite. — At some of the mines, more especially at Hull, Blair- 
ton, and Bristol, hem.atite occurs associated with the magnetite. Some- 
times its presence is manifested by the red or reddish colour of the ore, as 
in the case of the so-called "red-ore " at Hull ; at other times, however,*. Red ore."- 
the ore is black or greyish-black, but is shewn to consist in part of hematite 
by yielding a de(iidely red powder to the drill. In the latter case the 
hematite is probably present in the crystalline condition, while in the 
former it is earthy. A specimen of the Hull magnetite collected last 
summer contains little veins of red hematite crossing it in different direc- 
tions, and others of calcite, of quartz and of pyrites; graphite and 
brilliant black hornblende are also disseminated through the magnetite, and 
a mass of steatite forms one wall of a little quartz vein. 

Hornblende. — This is one of the most frequent of all the mineral asso- Hornblende % 
ciates of magnetite, and occurs in several varieties. In Bathurst and ci^e of mi^V 
South Sherbrooke, where the iron ores occur in the coarsely crystalline * 
diorites already described, they are often associated with cleavable masses 
of beautiful black or dark green hornblende. Good examples of this 
variety are to be found on the McVeigh lot (Bathurst lot 11, range 8), 
also at the Foley and Foumier mines. At the Hull mines black 
hornblende is often present with the magnetite, but not in large cleav- 
able masses like those just referred to ; and at the Bygrove mine in South 
Sherbrooke well-formed crystals are found. 

The following is an analysis of a specimen from the McVeigh lot in Anai/sis of 

Bathurst : bomfilende. 

Silica 40.02 

Alumina 15.55 

Peroxide of iron 3.44 

Protoxide of iron 8.60 

Lime 12.21 

Magnesia 14.37 

Potash 2.13 



I MetaUic iron 8.69 
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Soda 2.40 

Loss on ignitioii* 1.81 

100.53 

f ?3Kd^ °' ^° composition this comes very near the so-called Pargasite from Pargas, 
in Finland, an analysis of which gave Bammelsberg the following results 
(Pogg. cm, 444) : 

Silica 41.26 

Alumina 11.92 

Peroxide of iron 4.83 ) ., ^ „. . ,, ,« 

Protoxide of iron 9 92 P^^^^^ "^^» ^^•^^* 

Protoxide of manganese trace. 

Lime 11.95 

Magnesia 13.49 

Potash 2.70 

Soda 1.44 

Water 0.52 

Fluorine 1.70 

99.73 

The presence of The prcscnce of thcse ferruginous hornblendes with magnetite, in 

horn^endei limited quantity, is rather an advantage than otherwise, unless the ores 

van 01U. j^^^^ ^^ ^^ transported for long distances ; for, besides a certain proportion 

of iron, they contain essential constituents for the formation of slags. 

Aounoiite. The Variety of hornblende known as actinolite forms the chief mineral 

associate of the finely granular magnetite of the Seymour ore-bed. It 

occurs in scattered radiating bunches and also uniformly disseminated 

through the ore. A little vein cutting the magnetite at this locality, and 

already spoken of as containing a small quantity of copper pyrites, was 

found to be mamly made up of quartz, calcite and actinolite, besides 

small grains of magnetite. The insoluble residue of a sample of ore from 

the Seymour bed was found by Dr. Hunt f to consist of magnesia 17.15, 

lime 11.01, protoxide of iron 11.95, silica, by difference, 59.89 — this 

being the composition of actinolite. According to Professor Chapman 

actmolite is also an associate of the magnetite on lot twenty, range one, of 

Snowdon, Peterboro county. Occasional radiating masses of a bright 
green mineral at the Foumier mine, also, probably belong to this variety 

of hornblende. 

According to Bauerman, ores accompanied by such minerals as pyroxene, 

hornblende, garnet, idocrase and chlorite are called in Sweden ^' %df' 

seif-flozing gae^'ende^ i.e., self-going or self-fluxing." 

Jlmenite. — Many of the magnetic ores of this group are known to be 

Titanium. titaniferous, and it is probable that in some cases at least, the titanium is 

present in ilmenite which is mixed with the magnetite, and is not really a 



* Probably flaorine in part 

t Report of Progress 1866-69| p 269. 
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constituent of the latter. This was found bj Dr. Hunt to be the 
case with certain ores from the Quebec group in the Eastern Townships ; 
and in some of the Laurentian ores from the Adirondacks the two mberals 
are said to be distinguishable by the eye, owing to a slight difference in 
colour and lustre. 

Idmonite. — Near the surface of deposits of magnetite, a partial alter- . 
ation to hydrated peroxide of iron may often be observed. This appears 
to be more frequently the case when the deposits occur in schistose strata Mametite more 

, . , liable to altera- 

like the mica schist at the Bristol mine. The enclosing rocks, also, fre-tionwhenin 

, _ 1 . . I , sohistoae strata, 

quently present a rusty appearance. In some cases the origin of the 
limonite is probably the decomposition of pyrites associated with the 
magnetite rather than an alteration of the magnetite itself. 

Malachite. — This was observed in only one instance, at theJSeymour 
ore-bed, and then only in sufficient quantity to say that it did exist. 

Mica. — The mica found associated with the magnetites of this group 
probably belongs to several species, which, however, have not been 
determined. In general it is dark brown or brownish-black in colour ; 
but occasionally of lighter colours. At the Bristol mine much of the 
mica is of a pale silvery-grey colour. There is no more frequent asso- 
ciate of magnetite. 

PyriU or Pyrites. — The occurrence of this mineral is more frequent than oocurrenoe of 
desirable. Occasionally it is well crystallized ; sometimes masses of consider- 
able size are found here and there embedded in the magnetite ; but more 
frequently it occurs in minute grains scattered through the ore, or in little 
strings or veins. At the Bristol mine it occurs in such quantity as tc 
greatly lessen the value of the ore ; at Hull, the ore from the Baldwin 
mine seems to be pretty free from it, but it may be noticed in much of the 
ore at the Forsyth mine, both in disseminated grains and little veins ; at 
the Foley mine, as well as at the openings on the adjoining properties, the 
ore seen was very free from it ; at the Foumier mine it occurs in small 
quantity, but generally associated with the hornblende rather than with 
the magnetite ; at the Yankee or Mathews' mine it is almost impossible 
to find a specimen of the ore not shewing pyrites either in thin strings or 
disseminated grains. It also is common in the ore at the Chaffey mine. 
In what was supposed to be an average sample of the ore from the latter 
locality Dr. Hunt found 1.52 per cent, of sulphur, which, calculated as 
pyrites, gives 2.85 per cent. 

At the Christie's Lake mine a good deal was observed, not, however,, 

generally disseminated through the ore^ but in veins which would be readily 

separable. It sometimes occurs at this locality in well-defined cubes. 

The magnetite of the Seymour ore-bed is unusually free from pyrites, and Fine magnettte, 

is undoubtedly one of the finest ores in the country. The ore of the 

marsh ore-bed, and other openings near it, contains large quantities of 
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pyrites. The big ore-bed in Belmont in portions of its thickness contains 
a good deal, while other portions contain but little ; curious concretions 
occur at this mine, consisting of alternate layers of pyrites and hematite. 

AdTjntage of Qrcs Containing much pyrites should always be roasted before smelting, by 
which means much of the sulphur is got rid of. The effect of sulphur upon 
iron, as is well known, is to make it red-shorty or brittle when hot. 

Pyroxene, — This is a frequent associate of the magnetites of this group, 
though by no means so common as hornblende. At the Hull mines the 
limestone adjoining the magnetite contains crytals of pyroxene some of 
which are green, and others greenish-yellow and transparent ; these, like 

uTf pyroXe. ^^® ^^^^J^tals of apatite in many Laurentian Umestones, are often curiously 
rounded. One of the rocks associated with the magnetite of the big 
ore-bed is described in the Geology of Canada as a diabase, and, therefore, 
contains pyroxene as one of its constituents. At this locality, also, a 
pale green coccolite is occasionally mixed with the magnetite. On lot six, 
concession three, of Bedford, there occurs with the magnetite a rock which 
in some places is almost entirely made up of a green, crystalline, trans- 
lucent pyroxene with a specific gravity of 8.30, and in others contains, 
in addition to the pyroxene, grains of magnetite, as well as brilliant 
black hornblende and white calcite. 

Pyrrhotine. — This mineral occurs associated with the magnetite of the 
marsh ore-bed, and its presence is, of course, objectionable. It was 
not observed in other localities. 

Quartz, — Of this species little need be said. It frequently accompanies 
magnetite in the form of disseminated grains, or in little veins. In some 
localities, as already mentioned, it constitutes the rock with which the 
magnetite is interstratified. When present it requires in smelting the 
addition of lime or other basic substances in larger quantities than would 
otherwise be necessary. 

ofttieoocuJ?^ Serpentine. — The best examples of the occurrence of this mineral are to 

renoB of serpen- ]j^ found at the big orc-bed, Belmont, where it is found massive, foliated 
and fibrous. Some of the massive variety is of a dark green colour and 
some yellowish-green and translucent. The latter passes into foliated 
and fibrous varieties, marmolite and chrysotile, which are pale green or 
greenish white. The fibrous serpentine is sometimes mistaken for asbestus, 
a variety of hornblende. 

Siderite or Spathic Iron, This mineral was observed associated with 
magnetite in only one instance ; namely, on lot six range eight of Marmora. 
It was well crystallized, but in small quantity, and accompanied by a num- 
ber of other minerals enumerated on page 194. The siderite is probably of 

aS^no? more recent age than the magnetite, and formed from the alteration of the 

maguetite. latter. 

Talc. — Among the specimens collected at Hull and also at the Sey- 
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mour ore-bed, are several shewing small quantities apparently of steatite, 
the earthy variety of talc, associated with magnetite. In the latter case it 
appears to be the result of the alteration of actinolite. The occurrence of Actinoiite 
magnetic iron ore in a " talcose or steatitic substance" on the third lot of steaute. 
the fifth range of Elzevir has already been referred to. 

Uran^ehre. — The occurrence of this mineral at the Seymour ore-bed 
is mentioned by Dr. Hunt in the Geology of Canada (1863). It forms a 
lemon-yellow coacing or crust upon the walls of fissures in the magnetite. 
Quite recently Professor Chapman has noticed its occurrence with niagne-J^rw-ochij^^ 
tite on lot twenty, range one, of Snowdon township, Peterboro* county. chapmAn?*"*' 

MODE OF OCCURRENCE AND MINERAL ASSOCIATIONS OF MAGNETITES 

MORE RECENT THAN THE HURONIAN. 

The metamorphic rocks of the Eastern Townships, which are regarded 
by Sir W. E. Logan as of Lower Silurian age, occasionally contain de- 
posits of magnetic iron ore. Few of them, however, appear to be of much 
economic importance, and none, so far as I can learn, are being worked atg^ dcpoeto 
present. As yet I have had no opportunity of visiting them. t ^5?***™ 

Some of the dolomitic and chloritic schists of this region contain con- 
siderable quantities of magnetite in disseminated octahedral crystals. In 
a specimen from the ninth lot of the ninth range of Sutton, consisting of 
dolomite and magnetite, Dr. Hunt found the latter mineral to equal fifty" ^iSSSSe!'* 
six per cent, of the mass. Minute crystals of magnetite were alsoJJi'^^^J^ 
found to constitute more than half the weight of a chloritic rock from the 
second lot of the fourteenth range of Bolton (Geol. of Can., 1863, 
p. 677). 

In 1872, also, specimens of chloritic and talcose schists, containing dis- 
seminated octahedral crystals of magnetite, were brought by Mr. W. 
McOuat, of the Geological Survey, from Lake Opasatika, which closely 
resemble some of those from the Eastern Townships, and are possibly of 
the same age. 

According to Dana chloritic slates with octahedral crystals of mag- 
netite occur in Corsica, and also at Fahlun in Sweden. 

In the Geology of Canada, 1863, page 677, large loose fragments of 
magnetic iron ore are spoken of as occurring near a band of serpentine onif^gnetiteof 
the second lot of the tenth range of Leeds (Megantic). Since then the 5^***' Megaa- 
ore has been discovered in Htu on the seventh lot of the fifth range. Mr. 
Charles Bobb, who visited the locality last spring, tells me that the strata 
had been exposed by stripping for a distance of forty yards in the direction 
of the strike, and sixteen yards across it. In the latter distance three 
tolerably regular beds of ore were seen, respectively six, four, and three 
feet thick, and all dipping to the north-west at an angle of 50*^. The beds 
^re separated by bands of chloritic slate containing quartz and calc-spar. 
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The ore is a fine-grained magnetite, more or less mixed with micaceous iroa 
ore, and some specimens exhibiting polarity in a marked manner. A 

iiiTen6i8. specimen of magnetite from the adjoining township of Inverness, strongly 
resembling that from Leeds, was sent a short time ago to the Geological 
Survej office for examination, and its analysis will be given further on. 
Possibly it is from a continuation of the deposit occurring in Leeds. 

In the Seigniory of St, Francis, Beauce, a bed of granular iron ore, 
forty-five feet wide, occurs in serpentine. It was found by Dr, Hunt to 

Mixtare oi consist of a mixture of about two-thirds magnetite and one-third ilmenite. 

j^etite «id (Geology of Canada, 1863, p.501) 

In the Upper Silurian slates and quartzites of Nova Scotia magnetite 
occurs in veins associated with specular or micaceous ores at London- 
derry, and also near the East River, Pictou county. The proportion 
of magnetite, however, is usually small. A mixture of this kind from the 

"specuiM East River is locally known as "specular magnetic." 

While in Truro, in September last, specimens of magnetite were pven 

Deposit near me which werc said to be from a bed six feet thick and about twelve miles 
°' * ' west of Truro, but whether the deposit is really one of importance I can- 
not say. 

The fossiliferous hematites of the Devonian slates on the south side of 

Mjjj^teof^ Annapolis Valley have in many cases been more or less completely 
altered to magnetite, which still, however, holds numerous fosdls of 
Lower Devonian age. This metamorphism, according to Dr. Dawson,* 
has taken place chiefly at Moose River, to the south of the great mass of 
granite in Annapolis county. A short time since, however, a massive, 
fine-grained magnetite resembling some of the Laurentian ores, was sent to 
the laboratory of the Geological Survey for examination, and said to be 
from Nictaux River. It held no fossils whatever, but, like the fossilife- 
rous ores of the district contained a large quantity of phosphorus. Pro- 
bably it was taken from near the granite, which would account for its 
highly metamorphosed condition. Magnetic iron ore of Devonian age also 
occurs on Deer Island in Passamaquoddy Bay, New Brunswick. 

According to Mr. Richardson, deposits of magnetite occur on Texada 
Island, British Columbia, associated with dioritic rocks and limestones 
holding Devonian fossils ; but little is as yet known of their extentf 

• See Acadian Geology, pp. 498-501. 

t Mr. Richardson has placed in my hands several specimens of magnetite (age unknown) 
given to him by gentlemen in British Columbia. The specimens are accompanied by the 
following memorandum : — 

A^o. 1. — From 50 yards back from the Cari^^oo and Yale waggon road, up a ravine half a 
mile below Xicoameen, Lytton District. Bed 8 feet thick. Specimen given by Joseph 
William McKay, Esq., Factor H. B, Co. Service, Victoria. 

iV'o. 2. —Ore from one mile up the river at the head of Knight's Inlet. Given by Alcxan- 
dor Donaldson, Esq., of Victoria. 

Jo, 3.— From Mountain, south side of Lake Howse, about 10 miles from Hope, Hope and 
fiimilkameen trail. Given by J. W. McKay, Esq. 



Devonian age. 
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Magnetite is wanting in rocks of Carboniferous age ; but passing on to the AbmnMor 
Trias we find that it occurs in veins in the great ridge of trap bordering carC^Srooii^ 
the south-eastern side of the Bay of Fundy. These veins can scarcely ^^'j^ 
be regarded as of economic importance, although a few attempts to work'*®*™*** 
them have been made. Thus at North Mountain, in Annapolis county, 
two miles from Middletown Station, on a farm owned by Mr. John 
Dodge, there is a vein in the trap, said to be from six to nine inches thick, 
from which about one hundred and fifty tons of ore were taken in 1871 
and carried to the furnace at Londonderry. Much of it is well crystallised 
. in dodecahedra and combinations of the octahedron and dodecahedron. 
Some of the specimens lying near the furnace at Londonderry were asso- 
ciated with calcite, and others with colourless and amethystine quartz. 

Many of our old crystalline rocks contain disseminated grains andiron 
crystals of magnetite and ilmenite, which, on the disintegration of the 
rocks, are gathered together and form deposits of what is known as '^ iron 
sand." This iron sand is always more or less mixed with siliceous 
sand, so that artificial processes of concentration have generally to be 
employed before it can be utilized for the manufacture of iron. Grains 
of garnet are also frequently present, but generally in small quantity. 

The most important deposits of iron sand in Canada are those along 
the north coast of the Gulf of St. Lawrence, at Moisie, Bersimis, Mingan, 
&c., &c. ; but they are also found in places along the shores of the great 
lakes of the interior. As regards the age of the gulf deposits, some 
are modem, indeed are being formed at the present moment, but others 
belong to the Post-pliocene age, when the elevation of the land was much 
less than it is at present. In some places they are found as high as 
100 and even 200 feet above tide-level.* 



* Fall infonnation concerning the iron sands of the Gulf may be found in Or. Hunt's^ 
Eeport in the volume published by the Geological Survey for 1866-69. 
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COMPOSITION OF MAGNETIC ORES. 

Analyses of samples of the magnetic ores from a number of the more 
important deposits in the country have already been published in the 
Beports of the Geological Survey, and some of them will be repeated here 
for the sake of comparison. A few, however, which have been recently 
made will be ^ven first. 

BrutoL — The deposits occurring on the twenty-first and twenty-second 
lots of the second range of Bristol have been described on pages 196 and 
BiMoiore,a 197. The orc, though generally called magnetic iron ore, is really a mix- 
to and ^^^ of crystalline magnetite and hematite, with a streak ranging in colour 
from reddish to black. The specimen selected for analysis, and regarded 
as representing the average of what had been taken from the largest exca- 
vation up to July last, was rather finely granular, of a dark steel-grey 
colour, and readily attracted by the magnet. The streak varied from red- 
dish-brown to black in places. Scattered here and there through the mass 
were nests of pyrites, some of them nearly a quarter of an inch in diame- 
ter, and with the glass disseminated grains of quartz and calcite could be 
of seen. The specific gravity was 4.32, and the results of an analysis as 
follows : • 



BiMoloie. 



Peroxide of iron 65.44 

Protoxide of iron 14.50 

BiBulphide of iron 2.74 

Protoxide of Manganese 0.11 

Alumina 0.60 

Lime 3.90 

Magnesia 0.45 

Silica 11.45 

Carbonic acid 1.64 

Phosphoric acid traces 

Titanic acid none 

Water 0.14 

100.97 



Iron as peroxide 45.81 

Iron as protoxide 11.28 

Ironas bisulphide 1.28 

Total metallic iron 58.37 

Sulphur 1.46 



Combining a sufficient quantity of the peroxide of iron with the pro- 
toxide to form magnetic oxide, we find the ore to be a mixture of mag- 
netite and hematite, in the proportion of 46.72 of the former to 33.22 of 
the latter (1.40 : 1). 
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Lefds. — On page 205 a short description has been given of tlie deposit 
of ore occurring on lot seven, range five of the township of Leeds 
(Megantic). The schistose variety consists of a mixture of micaceous 
iron ore and magnetite, the latter often in minute octahedral crystals. 
Mr. Hoffmann has analysed a specimen of this kind, containing a large pro- 
portion of the micaceous ore, but still strongly magnetic. The colour was 
iron-black or in places reddish, and the streak black with a reddish tinge. 
Through the ore were disseminated small nodules of a mineral with a glassy 
lustre, apparently orthoclase, with which mineral they were found to agree 
in hardness and fusibility. The specific gravity was 5. Oil, and an atialy-^^S^*^* 
sis gave : 

Peroxide of iron 80.753 

Protoxide of iron 13 588 

Protoxide of Manganese 0.056 

Silica (in solution) 0.012 

Alumina 0.713 

Lime 1.298 

Magnesia 0.454 

Phosphoric acid 0.471 

Sulphuric acid 0.C93 

Titanic acid none 

Hygroscopic water 0.049 

Combined water 0.167 

Organic matter 0.041 

Insoluble matter 2.743 

100.450 

Iron as peroxide 56.531 

Iron as protoxide 10.568 

Total metallic iron 67.099 

Phosphorus 0.206 

Sulphur 0.038 

The insoluble residue was also analysed and found to contain : 

Silica 2.420 

Alumina 0.270 

Lime 014 

Magnesia 0.012 

Putash 0.076 

2.792 

The ore appears to vary considerably in the quantity of phosphorus variable pro- 
which it contains. Thus, a specimen of the massive magnetite containing Jhoaphoru^*. 
66.33 per cent, of iron gave me 0.335 per cent, of phosphorus. Equal 
quantities of seven specimens also, broken from loose masses on the sur- 
face at intervals along a line of three-quarters of a mile, were mixed 
together, and the mixture found to contain only 0.025 per cent. The 
average quantity of phoisphorus deduced from the three determinations 
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Analysis of 
Inveniem ore. 



just ^ven is 0*188 per cent. Another specimen of the massive varietj* 
examined only for iron, gave 64.78 per cent. 

Inverness. — A specimen of ore from this township was sent a short time 
ago to the museum of the Geological Survey by Mr. Edward Major oi 
Montreal. It was a finely-granular magnetite of an iron-black colour and 
with a specific gravity of 4.77. An analysis gave ; 



Analysis of 
Kictanx ore. 



Magnetic oxide of iron 90.360 

Protoxide of manganese 0.175 

Lime 3.040 

Magnesia traces 

Phosphoric acid 0.443 

Sulphur 0.005 

Insoluble residue 6.500 

100.523 

Metollic iron 65.433 

Phosphorus 0.193 

It contained no titanic acid whatever. Whether the specimen is from 
a deposit of importance is not yet known. 

Nictaux, — A partial analysis has been made of the specimen of Devo- 
nian magnetite mentioned on page 206. It was very fine-grained and tough , 
breaking with a sub-conchoidal fracture. Calculating the iron as magnetic 
oxide it contained : 



Magnetic oxide of iron 69.17 

Phosphoric acid 1.82 

Sulphur 0.05 

Insoluble matter 18.94 

Metallic iron 50.09 

Phosphorus 0.79 



Christie's Lake Mine. — A specimen of compact magnetite from this 
from chriatie'8 mine (lot 18, range 8, South Sherbrooke) of an iron-black colour and 
metallic lustre was found to contain : 



Magnetic oxide of iron 90.61 

Titanic acid. 2.83 

Phosphoric acid 0.05 

MetaUiciron 65.62 



Other constituents were not determined, the ore having been examined 
simply with the view of ascertaining whether it contained phosphoric or 
titanic acids. 
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TABLE OP ANALYSES OF MAGNETITES. 



Constituents. 

Peroxide of iron ) 

Protoxide of iron j 

Oxide of manf anese .., 

Alumina 

Lime 

Magnesia 

Pbosphoras 

Sulphur 

Carbonic acid 

Silica 

Titanic acid 

Graphite 

Water 

Insoluble ma'ter 

Metallic iron 

Constituents. 

Peroxide of iron \ 

Protoxide of iron j 

Oxide of manganese ... 

Alumina 

Lime 

Magnesia 

Phosphorus 

Sulphur 

Carbonic acid 

Silica 

Titanic acid 

Water 

Organic matter 

Insoluble matter 

M tallic iron 



I. 


II. , 


73.90 


93.82 


none. 


0.12 


0.61 


0.70 


none. 


0.45 


1.88 


0.94 


0.027 


0.08 


0.085 


0.11 


20.27 


3.75 


none. 






3.27 










100.042 


100.06 


53.51 


67.94 



in. 



66.20 

17.78 

traces. 



1-85 
0.18 
0.015 
0.28 
1.17 
11.11 
none. 
0.71 



99.295 
60.17 



f ^^• 


V. 


69.77 


90.14 

traces. 
1.33 
0.82 
0.84 
0.007 
0.12 


5 65 


4.50 

0.085 

1.52 


7.10 
9.80 




1.03 


2.45 




5.25 




100.875 


99.537 


50.52 


65.27 



VL 



72.83 



1.69' 
6 86; 
0.035 
0.027 
1.50 



3.50 
14.73 



101.142 



52.72 



VII. 



89.22 
none. 

none. 

' o!oi2 

0.073 



10.42 



99.725 



64.61 



vin. 



68.35 
24.87 
0.13 
«0.42 
1.43 
2.56 
0.07 
0.04 

n'.i'i 

0.73 



IX. 



99.77 



60.19 



59.39 

26.93 

traces. 

0.67 

0.33 

0.82 

traces. 

0.07 



3.23 

' "8.38» 
99.82 



62.52 



X. 


XL 


80.76 


65.44) 
14.50 


13.59 


0.06 


0.11 


0.71 


0.60 


1.30 


3.90 


0.45 


0.45 


0.21 


traces. 


0.04 


2.74t 




1.64 
11.45 


0.01 


none. 


none. 


0.22 


0.14 


0.04 
2.75 








100.14 


100.97 


67.10 


58.37 



XII. 



90.36 
0.17 

* 3.04 
traces. 

0.19 
0.005 



none. 



6.53 



100.265 



65.43 



The above table is compiled from different sources. With the e^cep-^^j, ^^ 
tion of number II, the first seven analyses are from the Report of Pro- 
gress for 1866-69, and are by Dr. T. Sterry Hunt. II is by Professor 
Chandler, of the Columbia School of Mines, New York, and VIII and IX 
by Professor Chapman, of Toronto. The three last are from the 
preceding pages, but are repeated to facilitate comparison. The localities 
from which the specimens were taken are as follows : 

I.— HuU. "Black ore." 
n. — " ** " A picked specimen. 

in. — " The so-called red ore, a mixture of magnetite and hematite. 
IV. — Chaffej mine, South Crosby. 

V. — North Crosby ; from a deposit on land belonging to Hon. Qeorge W. Allan, of 
Toronto. 



• Silica and insoluble rock matter, 
t fiiliulphide of iron. 
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Vl. — Blairton mines, sond-pit bed, Belmont. 

VII.— Seymour ore.bed, Madoc. 

VIII. — Lot twenty, concession one, of Snowdon, Peterboro county. (Sp. jjr. 4.22.) 

IX. — Lot twenty-nine or thirty of the first concession of Bedford, Out. (near Eagle 
Lake). 

X.— Leeds, P.Q. See pp. 205 and 2f 9. 

XL— Bristol, P.Q " 196 and 208. 

XII.— Inverness, P.Q. " 206 and 210. 

HEMATITE. 

Varieties of Under this name are included Bcveral varieties of iron ore consist- 

ing mainly of anhydrous peroxide of iron, the varieties depending upon 
texture rather than chemical composition. Specular and micaceous iron 
ore are terms applied to crystalline varieties with metallic lustre, the 
latter also having a foliated or micaceous structure. Earthy varieties, 
often containing day, are known as red ochre, while intermediate between 
the highly crystalline and the ochreous ores comes red hematite. The 
latter term is sometimes used by iron smelters in th^ same general sense 
that hematite alone is, to indicate any ore consisting essentially of anhy- 
drous peroxide of iron. As a rule, hematite is freer from impurities than 
magnetite ; it is not so easily reduced as hydrated oxides or carbonates, 
and is liable to produce grey rather than white iron, a fact of importance 
in connection with the manufacture of Bessemer pig. 

Geological Geolo^icallv our hematites have a wide ranoje in time. They are found 

range of hcma- . . . . . . 

tite*. in the Laurentian, Huronian, Lower Silurian, Upper Silurian, Devonian, 

Carboniferous, and Trias. Bed ochres of modern age are also occasion- 
ally met with. In the Laurentian, hematite is by no means as common as 
magnetite, ani more frequently occurs in the form of red hematite than 
in the more highly crystalline varieties. The Canadian hematites of 
Laurentian and Huronian age cannot be regarded as forming a specially 
important group apart from those more recent, and accordingly the 
division given under magnetite will not be adopted here. 

MODE OF OCCURRENCE AND MINERAL ASSOCIATIONS OF HEMATITE. 

Beds and veins. Hematite occurs in both beds and veins, the beds generally, though not 
always, being the more important deposits. Like magnetite it is not 
found solely in any one kind of rock, but often in rocks of most diverse 
characters. A few examples illustrative of this fact may be of interest- 
Beginning with the Laurentian, we find at the McNab mine near Am- 

Heraatuein prior a compact red hematite occuring in crystalline limestone. The 
bed is inclined at a high angle and has been worked to a depth of about 
eighty feet when it is said to have thinned out. At the Dalhousie 
mine, twelve miles from Perth, a compact red hematite, somewhat 
similar to the McNab ore, also occurs in limestone, although at one 
point in the workings a soft chloritic looking slate, with numerous 
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crystals of pyrites, seems to intervene between the ore and the under- 
lying limestone. The limestone is highly crystalline ; that underlying the 
main deposit being white and containing large quantities of tremolite, 
while that which overlies it is stained red with peroxide of iron. When 
the mine was opened up there appeared to be two beds cropping out in 
places at the surface with four or five feet of limestone between them. 
The uppermost and smaller of these was found to run out at few feet in 
depth, and to extend but a short distance in the direction of the strike. 
The larger deposit was in places as much as nine feet thick at the surface, 
and at a deptli of eighty feet had an average thickness of four or 
five feet. 

Among other examples of the occurrence of hematite in Laurentian 
limestone may be mentioned the thin vein of specular ore on lot two 
range four of Elzevir (Geol. of Can. 1866, p 101), and the finely-granu- 
lar hematite of Iron Island, Lake Nipissing. 

The specular ore of the Haycock location in Templeton and Hull, Hematite in 
occurs in highly feldspathic gneiss, mostfy of a reddish colour, though 
interstratified with occasional grey bands. The ore forms a series of 
apparently parallel beds, striking north-east and south-west and dipping 
to the north-west at an angle of about 50^, Some of what appeared 
at the time of my visit to be distinct beds may prov^ to be merely 
repetitions of the same one, but sufficient work had not been done to 
determine this. The thickness of those exposed varied from a few inches 
up to several feet.* Besides the beds occasional little veins of hematite 
were observed cutting the gneiss. So far as I am aware this is the only 
workable deposit of specular ore known in the Laurentian rocks of 
Canada. 

According to Mr. Macfarlane a vein of earthy hematite associated with 
chlorite occurs in a fine-grained diorite near the iron furnaces at Marmora, i^o^**®- 
and was worked many years ago (Geol. of Can., 1866, p. 102). 

No such important deposits as those of Michigan have yet been disco- 
vered in our so-called Huronian rocks. Some of those known, however, 
are very similar in their mode of occurrence, consisting for the most P^^^^^JJJJriJicScS 
of alternate layers of compact hematite or spejular ore and quartaite or dia^^ic rock*, 
jasper, in dioritic and diabasic rocks. The deposits of Bachewahnung 
Bay and Gros Cap", Michipicoten, are well known examples. (See Geol- 
of Can., 1866, p. 130.) 

According to Professor Bailey and Mr. Matthew, the Huronian strata 
of the eastern part of St. John county. New Brunswick, contain red hema- 
tite and specular iron ore. At West Beach, twelve miles east of the city 



• In a recent letter Mr. R. H. Haycock states that one bed haying a thickness of only 
two f^et at the surface has, at a depth of fourteen feet, widened to fifteen feet. 
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of St. John, a bed of reddish-brown hematite occurs in the upper part of a 
Conglomerate, mass of reddish-grej conglomerate ; and two or three miles east of West 
Beach, near Black River, several beds of specular ore occur, associated 
with dioritic rocks and micaceous schists. One of these beds is said to 
have a thickness of twenty feet. The rocks at West Beach and Black 
River were, until a few years ago, considered to be of Devonian age. 
(Report, 1870-71, pp. 98 and 223). 
Potsdam sand- ^^^ Potsdam sandstoncs are sometimes impregnated with considerable 
atones. quantities of peroxide of iron, and occasionally contain micaceous and 

specular ores. The quantity of these, however, has never been found 
Quebec gronp. sufficient for profitable working. In the metamorphic rocks of the Quebec 
group, on the other hand, workable deposits of hematite occasionally 
occur. Some of them have been described in the Geology of Canada 
under the name of specular schist or itabirite, and are there stated to con- 
sist of scales of micaceous iron ore, grains of quartz, and frequently also 
Specular schists <^hi<>^te. They generally occur interstratified with chloritic slates or 
eiateB,^aj^uite8 chloritic slatcs, argilUtes and dolomites. Besides these beds, veins of 
foliated specular ore with quartz are sometimes met with, but are not of 
economic importance. (See Geol. of Can., 1863, p. 678 et seq.) 
Lower sunrum. In the Lowcr Silurian rocks of New Brunswick, also, extensive deposits 
of hematite occur at Woodstock. They have been described by different 
Bemarks hj writers, and among them by Professor Hind who says of them : * " These 
on the Wood- orcs are vast sedimentary deposits many feet in thickness, interstratified 
with red and green argillites, or with calcareo-magnesian slates, of a red 
or green, or mottled red and green color. The ores vary in compodtion, 
being both red and black, the black is sometimes feebly magnetic, but it 
derives its color more from the presence of manganese than from the black 
magnetic oxide. The red ore is an impure hematite, containing, besides 
the peroxide of iron, some carbonate of the protoxide, and from one to six 
per cent, of manganese ; it is often seamed with thin layers of graphite." 
The Woodstock ore, though generally described as hematite, may bs 
a mixture of hematite and limonite, as all the published analyses indicate 
a considerable proportion of water. 
Upper suurian. Rising in the geological scale to the Upper Silurian we find some 
exceedingly important deposits of hematite; but this, so far as known, only 
in the Province of Nova Scotia. As specular or rather micaceous iron 
ore, it is found in veins in the Cobequid Hills of Londonderry, and near 
the East River of Pictou County, that of the latter region being regarded 
by Dr. Dawson as the equivalent of the Londonderry ore. Earthy red 
ore in veins also occurs in large quantity n«ar Londonderry, while beds of 
siliceous red hematite of enormous extent occur in Pictou County. 



• Preliminary Report on the Geology of New Brunswick, together with a special Report 
on the Distribution of the " Quebec Group " in the ProTince. Fredricton, 1865. 
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At Londonderry the country rock consists of grey, blackish, and olive 2?loii3o^-*^^ 
slates, alternating with bands of grey quartzite, and overlaid by grey and ^®^^- 
broTH) sandstones and shales of Carboniferous age. The former are cut 
by irregular veins, which sometimes attain a thickness of many feet, and at 
others disappear altogether, or are represented by a network of small reti- 
culating veins. These reticulating veins appear to be more common in the 
quartzite than in the slates. The materials constituting the veins consist <>f^*®Jj^®^J" 
ankerite, spathic iron, earthy red ore, micaceous and specular iron ore, lim- 
onite and small quantities of several other minerals which will be noticed fur- 
ther on. The ankerite seems to have formed the largest part of the original 
material of the veins, and is the gangue-stone of the specular ore. By its 
decomposition, as well as that of the spathic ore, large quantities of li- 
monite and earthy red ore have been produced. 

Though specular ore is rarely absent from the Londonderry veins, specular ore oi 
bein^ scattered through the ankerite, and sometimes also through the 
limonite and red ore, in little bunches and strings, the proportion is gener- 
ally small. Near the west bank of Cook's Brook, however, a level was 
many years ago driven on the course of the main vein for a distance of one 
hundred and fifty yards. The vein is said to have been struck at about fifty 
yards from the mouth of the level, and to have had an average thickness of 
three or four feet, consisting of specular or micaceous ore with small quan- 
tities of red ore and ankerite. Much of the ore is readily attracted by the 
magnet, so that there must be also magnetic oxide present. At the 
time of my visit in September last the level was closed up, and all that 
could be seen was the ore which had been taken from it, and was piled 
at its mouth. The reason assigned for its not having been employed at 
the furnace was that it was too difficult to reduce, and it is easy to under- 
stand how persons accustomed to smelting limonite might at first experi- 
ence difficulty in the treatment of specular ore. 

In Pictou County specular ore has been discovered in a number of SMcoiar ore of 
localities, but the only one which has been shown to be of much economic 
importance is that a short distance west of the east branch of the East 
River, on area 100 of the government plan. Though I visited it last Sep- 
tember, I can say little of it from personal observation, as the openings were 
at that time full of water. It was first described by the late Mr. Edward 
Hartley in the Report of the Geological Survey for 1866-69, and was 
subsequently reported upon, in 1872, by Mr. G. M. Dawson, Associate of 
the Royal School of Mines, London. From the report of the latter gentle- 
man, kindly placed in my hands by Principal Dawson, I extract the follow- 
ing, as being the fullest and most recent information on the subject : " This Extract from 
ore (specular iron ore) occurs on the square mile marked 100 on the govern- Daw8on'» 
ment plan. The country rock is a blackish slate with occasional beds of 
quartzite, and it is with one of the latter beds that the ore is most closely 
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associated. The strata are in general undulating, and in places some- 
what contorted, but preserve a pretty uniform southerly dip at an angle of 
from 60^ to 70*^. 

" The ore deposit occurs as a true lode following very nearly the strike 
of the containing rocks, and, so far as our explorations have gone, appear- 
ing to be as nearly as possible vertical. It has been exposed by trench- 
ing and proved by small shafts from the eastern boundary of the area 
westward for a considerable distance, though as yet not quite across to 
the western line. Of its extension across the entire area, however, there 
can be no doubt from the indications, and the ore is known to occur on 
some of the other areas both east and west of this, though its value has not 
yet been proven by actual exposure of its thickness and quality. 

"At the eastern boundary of area 100 the outcrop of the lode is 
exhibited in a trench and shows a thickness of twelve feet of ore, though 
with some thin leaves of intercalated slate. A short distance west of 
this is another costeaning trench in which the lode is shown to have a 
thickness of 5 feet 6 inches, of good and pure ore. 

" About 900 feet westward from this, a shaft 18 feet deep has been 
sunk on the crop of the lode. At a short distance from the surface a 
horse of hard quartzite rock, more or less impregnated with ore, 
encroached on the southern side, but at the bottom this was passed through > 
imd the ore found passing under and cutting it out. 

" The lode was cross-cut at a depth of 13 ft., and the thickness found 
to be 10 ft., including, however, about a foot of slate. At the bottom of 
the shaft the lode was widening. From this shaft alone about 40 tons of 
good ore were extracted. In connection with the quartzite horse and 
wall a small quantity of iron pyrites was found in association with the ore. 

" From this shaft westward 1,086 ft. on the course of the lode a second 
opening was made and carried down to a depth of about 13 ft. At this 
place the true lode was missed, and quartzite and hard slate impregnated 
with ore continued to the bottom. By subsequent trenching the lode was 
discovered to lie about 30 ft. south of the shaft, and it there exhibited a 
a very favorable appearance, and showed 20 ft. of good and very pure 
ore. The southern wall was not found, as the rock dipped away fast, and 
the water was troublesome. 

'' This deposit of micaceous and specular iron ore is situated on high 
ground, and the course of the lode is cut across in several places by deep 
brook vallies, which, though encumbered by drift, and presenting no good 
exposures of the deposit at present, will offer great advantages by allowing 
free drainage to a very considerable depth." 

The ore of this locality, judging from what I saw upon the surface, 
resembles closely the micaceous ore of Londonderry. 
«' Bed ores" of The so-called ^^ red ores " of Londonderry, mentioned on page 214 have 

Londondeny. 
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evidently been produced from the decomposition of spathic iron and anke- 
rite, as they frequently exhibit the rhombohedral forms characteristic of 
these minerals, and this even when the iron is entirely converted into 
peroxide. They vary much in colour, and probably consist of varying 
mixtures of anhydrous and hydrous peroxide of iron. A specimen of a 
reddish-brown colour from the Peter Totten lot, apparently produced by 
the alteration of spathic ore holding little veins of calcite, was found to 
contain 69.86 per cent, of peroxide of iron and 6.74 of combined 
water. 

On the west side of Cumberland Brook, a little over two and a half 
miles in a straight line west of the Londonderry furnace, an earthy red 
ore is being mined at present, and apparently exists in large quantity. 

The siliceous bedded hematite, mentioned on page 214, occurs in rocks f/,!^^f^p!ofo™*" 
which are referred by Dr. Dawson to the Lower Helderberg (Ludlow of co'^ty; n. s. 
Great Britain) and regarded by him as more recent than those containing 
the specular ore of the region. They are coarser-grained and much more character of 
contorted and faulted, but, like them, consist of slates and quartzites, the ®^^*^y^®® • 
former being of diflFerent shades of grey, greenish-grey and black, and the 
latter grey, brownish-grey, and red or reddish where ferruginous. Occa- 
sional calcareous bands holding fossils also occur. The ore consists of fobsUs. 
little, siliceous grains enveloped with peroxide of iron. It is sometimes 
earthy but more frequently hard and compact, the latter kind often hav- 
ing a somewhat schistose or slaty structure. In portions of its course the 
bed holds fossils, while in others none can be detected. 

The principal developements of this ore, so far as known, are near ^® J^matiMi?^ ^^ 
^ast branch of the East River of Pictou County, and on the upper part of "«tott county. 
Sutherland's River, and apparently belong to two lines of outcrop of the 
same bed on opposite sides of an anticlinal. On the northern side of the 
anticlinal it has, according to Dr. Dawson, been traced completely across 
area 101 of the government plan, and it is thought that it will be found to 
continue across area 49 and to connect with exposures known on 48. 
Exploratory work undertaken under the direction of Mr. G: M. Dawson, 
in 1872, shewed the thickness of workable ore to range from 10 to over 
20 feet. The surface thickness of the bed in several places where I 
measured it was from 27 to 30 feet, and this with a high angle of dip. All 
the ore observed on this side of the anticlinal was free from fossils. 

On the south side of the anticlinal traces of the ore are found across 
the northern comer of area 102, and in the southern corner of 45 exten- 
sive exposures occur ; the band then curves round, and passing through 
the eastern comer of area 46 enters 108, which it partly crosses, with a 
•course a little east of south, or nearly at right angles to its course on 102. 
The only exposure on this side of the anticlinal which I visited was on 
Area 45 (Blanchard's). Here the bed forms a ridge projecting several 
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feet above the general sarface^of the ground, and large quantities of ore 
could easily be obtsdned from it; but unfortunately much of it is very fos- 
siliferous. 

Going northward again we find the ore bed repeated on Sutherland*^ 
River, at a distance of between two and three miles firom where it is 
exposed on area 101. It has here a southerly dip, and appears to occur 
at the northern side of a synclinal corresponding to the anticlinal referred 
to above. Of the extent or importance of this portion of the deposit 
little is as yet known. 
Hematiteof^^ In the Gcology of Canada, p. 682, the occurrence of red hematite in 
age in Ontario. Ontario, in rocks belonging to the Clinton formation, is mentioned. The 
deposits, however, are not known to be of any economic importance. 

According to Dr. Dawson, * the Devonian slates of Nictaux River, 
Nova Scotia, contain a bed of highly fossiliferous red hematite , having a 
thickness of from 3i to 4 feet. The fossils — the most abundant of which is 
a Spirifer (aS\ Nictaveniii) — " seem to give indubitable evidence that the 
Nictaux iron ore is of Lower Devonian age." At Moose River, as already 
noticed, the ore of similar age exists largely in the condition of magne- 
tite. 

Passing now to the Carboniferous we find in Nova Scotia, near Clifton, 
(formerly Old Bams) and the mouth of the Shubenacadie, ores which are 
mixtures of red hematite, red ochre, limonite, gothite, and considerable 
quantities of earthy impurities. The deposits visited, however, did not 
appear to be of much economic importance. They occur in the form of 
veins in the sandstones and lanunated limestones of Lower Carboniferous 
age. Near ^' Black Rock," on the Shubenacadie, opemngs have been 
made on several of thesQ veins, but the material extracted so far is of very 
poor quality. Near Clifton, also, a shaft has been sunk to a depth of 35 
feet on a vein in coarse red sandstone holding concretions of clay. The 
vein is said to be about 6 feet thick, but could not be seen at the time of 
my visit as the shaft was nearly full of water. In sinking, a considerable 
quantity of ore had been taken out, but was of inferior quality, being 
largely mixed with sandstone, sulphate of baryta, &c. 

At Gallas or Gallows Point, on the eastern side of Hillsborough Bay,. 
Prince Edward Island, a series of rocks occurs, consisting of red a«iJ 
brown sandstones, red and mottled red and grey clays, and occasional 
thin bands of impure concretionary limestone. These beds have been 
regarded by Dr. Dawson as Upper Carboniferous, although it is admitted 
at the same time that they have a somewhat Permian aspect. Some of 
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them contain nodules or concretions of red hematite, many of which, as 
the rocks are disintegrated by the waves, are left strewn upon the beach. 
Trunks of fossil coniferous trees also are abundant in places, and some of 
them have been infiltrated with hematite. The quantity of ore, however, 
which could be obtained from these sources is too small to be regarded as 
of any economic importance. 

In Gape Breton deposits of hematite are said to occur in rocks of Car- 
boniferous age, but I have been unable to obtain any reliable details 
concerning them* 

In the great ridge of Triassic trap bordering the eastern ^de of the Bay Trianio bem». 
of Fundy, veins of specular iron ore occur, but are nowhere known to be 
of sufScient dimensions to be considered workable. 

The modem red ochres referred to on page 212 are unimportant. They ModerB red 
have probably been produced in many instances from the ordinary bog ^®*^^" 
ores by the action of bush fires. 

Most of the minerals associated with the different varieties of hematite tonenaaMociA- 

tlons of henift* 

have already been noticed incidentally, but a few additional facts con- tite. 
coming them may not be out of place here. The following list probably 
includes most of those which have been observed : 



Ankerite. Graphite. 

Barytes. Hornblende. 

Galcite. Limonite. 

Chalcocite. Magnetite. 

Chalcopyrite. Malachite. 

Chlorite. Mica. 

Dolomite. Pyrites. 

Epidote. Pyroxene. 

Feldspar. Qaartz. 

Flaor-spa.r. Slderite. 

Goethite. Talc. 

Most of these, it will be noticed, are the same as those occurring with 
magnetite, and several are rather constituents of the rocks in which the 
hematite occurs than mineral associates, strictly speaking, of the latter. 

Ankerite. — This mineral may be regarded as dolomite in which part of 
the magnesia is replaced by protoxide of iron, and generally also by pro- 
toxide of manganese. As already stated, it is found at the Acadia mines, 
Londonderry, and also in Pictou County. At the former locality it has Ankeiite used 
long been mined as a flux for the blast furnace. Before exposure to the^^ ^^ 
weather it is white or greyish-white in colour, but the protoxide of iron 
readily becomes converted into hydrous and anhydrous peroxide, causing 
it to assume yellowish, reddish and brownish colours. This change in the 
condition of oxidation of the iron, together with the loss of carbonates of 
lime and magnesia and the taking up of water, has resulted in the pro- 
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daction of large quantities of limonite. The foUowing are aaaljsee of 
ankerite from Londonderry : 



Carbonate of lime 

Carbonate of magnesia... 

Carbonate of iron 

Carbonate of manganese 
Silioeons land 



1. 



54.00 
22.00 
23.20 

0.50 

99.7« 



n. 



43.80 

30.80 

23.45 

0.80 

0.10 

98.95 



1 



ni. 



49.20 
30.20 

20.30 



99.70 



IV. 



51.61 
28.60 
19.59 

99.93 



BerrtM with 
speoolar iron, 
ntoite, ilaor- 
spwano feld- 
jptr. 



Crystals of 
banrtes coated 
with oxide of 
lion. 



Fossil tvees con- 
taining barytes. 



CiTstals of eal- 
citewlttiroond- 
ed faces. 



L— White Tariety, by DawBon. III.— Brown rariety, by 0. J. Jackson, 

n.— Yellow " " C. J. Jackson. IV.— » « *' H. How. 

Barytes or Heavy-spar. —This species occurs at the Haycock mine in 
Templeton, but was observed in one spot onlj. Specimens were obtained 
in which crystals of barytes were associated with specular iron^ calcite, 
beautiful green fluor-spar, and reddish feldspar. Possibly these were from 
a vein. 

In Nova Scotia baiytes is sometimes associated in small quantity with 
specular ore and ankerite at the Acadia iron mines, and is very common 
with the ores of Clifton and the mouth of the Shubenacadie. At the lat- 
ter place it often occurs in white and reddish crystals, about a quarter of 
an inch long, lining the walls of cavities in the ore or the containing lime- 
stone. In some cases these crystals have been curiously coated over with 
velvety oxide of iron, giving them a rounded outline. 

The fossil coniferous trees of Gallas Point, Prince Edward Island, 
stated on page 219 to have been infiltrated with peroxide of iron, often 
contain large quantities of barytes. 

Calcite, — The occurrence of hematite in beds of lioiestone has already 
been referred to. At the Dalhousie mine cavities in the limestone near 
the hematite sometimes contain good crystals of dog-tooth spar. At the 
Haycock mine calcite occurs containing masses of specular ore, and pene- 
trated in all directions by crystals of beautiful, glassy, green pyroxene, 
from a sixteenth of an inch or less up to a quarter of an inch thick; 
rhombic ciystals of mica occur in an analagous manner, though more 
sparingly than the pyroxene. Calcite sometimes forms veins in ankerite 
at Londonderry, or in crystals lines the walls of little cavities. In the 
form of dog-tooth spar also, as well as in veins, it is found in the red (ure of 
the Peter Totten lot, Londonderry. Near the mouth of the Shubenaca- 
die, at the locality referred to under barytes, calcite is very common, and 
occurs crystallized in several forms. The crystals are often stained red 
with peroxide of iron, and some of them have their faces much curved. 
Curious aggregations of rhombohedral crystals piled one upon another are 
also found here. 

ChcUcocUe or Copper-Glance. — See under Dolomite and Feldspar. 

Chakcpyrite. — Small quantities of chalcopyrite or copper pyrites are 
occasionidly met with m the specular ore of Londonderry, and sometimes 
also in the red ore. 
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Ohhrite.'^The specular sohists of the Eastern Townships are said to 
frequently contain disseminated scales of chlorite. The only chloritic ores 
from this region which I have seen are titanic iron ores. According to 
Mr. Macfarlane chlorite occurs in a vein of earthy hematite at Marmora. 
Dohmibe. — Specular schists are stated in the Geology of Canada to be 
interstratified with dolomite in the Eastern Townships, and specular ore, 
•copper-glance, feldspar and dolomite to occur together in the township of 
Leeds. 

Epidote, — This mineral is said to be associated with specular ore in the 
Eastern Townships. In New Brunswick also, small yeins of specular ore 
are found in epidotic rocks supposed to be of Huronian age. 

FMipar. — ^Under this general term several species may perhaps be 
Included, but their true nature has not been investigated. At the Hay- 
cock mine reddish orthoclase is the most frequent association of the spec- orthooiase ^t 
ular ore, not only forming the principal constituent of the endosmg rock, ^If *^^^*^ 
but masses of it being embedded in the ore. In Leeds (Megantic) tabu- 
lar plates of hematite are associated with feldspar, copper-glance and 
dolomite (Geol. of Can., p. 510.) 

Fltior-9par. — ^As already mentioned, beautiful green fluor-spar occurs 
at the Haycock mine associated with specular ore, heavy-spar, calcite and 
feldspar. This is the only locality in which it was observed. 

Gd'tMte. — This hjdrated oxide of iron occurs associated with the hema- 
tite and limonite of Clifton and the mouth of the Shubenacadie, Nova 
Scotia, often being found in the form known as nadeleisenstein or needle i^eedieironon. 
iron ore. Veins of it associated with black oxide of manganese and calcite 
also cut the lamellar Lower Carboniferous limestones at Black B>ock 
near the mouth of the Shubenacadie. A specimen before me from this 
locality consists of beautiful radiating needles with adamantine lustre, the 
ends of which are capped with rhombohedral crystals of calcite. 

Ghraphite, — The hematite of the Woodstock mines, New Brunswick, is 
stated by Professor Hind to be often seamed with thin layers of graphite ; 
and the mixture of magnetite and hematite at the Hull mines known as red 
ore frequently contains scales of graphite. According to Professor Chap- 
man it is also present in the specular ore of the Haycock mine, Templeton. 
HonMende. — This mineral, which is so frequently associated with mag- 
netite, I have nowhere noticed in deposits of hematite, although it some- 
times forms an important constituent of the containing rock. 

LimoniU. — The red ores of Londonderry are frequently associated with 
limonite ; they often contain a considerable proportion of water themselves, 
and may then be regarded as mixtures of hematite and limonite. The MiztorM of an- 
same is probably true of the red ores in many other localities. The specular hjd^os o^d«f 
ore of Londonderry is also frequently accompanied by limonite. The ores ^ ^^^' 
of Clifton and the moutli of the Shubenacadie have already been described 
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lematite, red ochre, limonite, kc. Sometimea radiat— 
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cases been altered to magoetit«, and every gradation 
rom normal non-magnetic hematite with a red streak, 
c ores with dark brown or black streak. The altera- 
e to the neighbonng igneous rocks, and the presence 

lis tens may be comprised several species, which, hov- 
distingaished without analyns. Muscovite and phlogo- 
1 occur, and hydrous micas of somewhat vanable 
quently found associated with specular and micaceous 
3tem Townships. 

Laurentian and Huronian hematites appear in general 
om pyrites than the magnetites of corresponding age. 
nine there is none visible in the ore, but on sinking a 
[stance south-west of the present workings, instead, as 
tming upon the hematite, a bed of pyrites fonr feet thick 
1 struck — a fact suggesting that tiie hematite may be 
tcompositioD of pyrites. The specular ore of the Hay- 
idingly free &om this as well as from other impurities, 
find specimens in which pjrrites can be detected by 
y specimens which I have seen of the jaspery hematite 
contained a good deal, but specimens from Gros Cap in 
Geolo^cal Survey shew none whatever. The specular 
J, so far as may be judged from what has been mined, 
a good deal of pyrites was observed in that which has 
he East River of Fictou. 

is mineral is occasionally found associated with hematite, 
nine the ore is sometimes penetrated by long crystals of 
lOut a sixteenth of an inch in diameter. Similar crystals, 
larger, occur in calcite at the same locality (see p. 220.) 
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Quartz. — ^The occurrence of hematite, inter^ratified with jasper and 
quartzite has already been mentioned (p. 218). The metamorphic rocks of 
tiie Eastern Townships, and also of New Brunswick, are often cut by veins ^ 
composed of quartz and specular ore, and beds of hematite of different 
ages frequently contain Uttle veins of quartz. The great hematite beds 
of Lower Helderberg age in Nova Scotia are generally made up of grams 
of Band enveloped with red oxide of iron. The proportion of these siliceous 
grains at times becomes so great that the ore passes into a ferruginous 
sandstone. 

Siderite or Spathic Iron. — This mineral occurs in the Londonderry 
veins, sometimes with specular ore, and Dr. Dawson informs me that large 
quantities of it were mined many years ago near Great Village River, and 
smelted in the blast furnace. From its decomposition limonite and earthy Limonite and 
red ore have often been produced, and at the Peter Totten lot, London- formed from''^ 
derry, specimens may be obtained shewing every gradation from spathic"^ 
ore to red ore containing no trace of the carbonate, though still displaying 
its cleavage planes. 

Tale. — Some of the hematites of the Eastern Townships are said to con- 
tain flakes of talc ; but I have seen no specimens shewing it. 

RECENT ANALYSES AND ASSAYS OF HEMATITES. 

Several analyses and assays of hematites from different parts of the 
<5ountry have recently been made in the laboratory of the Survey. 
Among the ores examined is a slaty hematite from the great Lower Hel- 
derberg bed of Pictou County, Nova Scotia. It was from a locality mJS^ifffJom ^^ 
known as " Webster's '* on area No. 101 of the Government plan, and was JSSity, 'n.s. * 
made up largely of grains of sand enveloped with peroxide of iron. A 
partial analysis gave as follows : 

Peroxide of iron 52.300 

Protoxide of iron ~ traces. 

Protoxide of manganese 0.148 

Phosphoric acid 0.198 

Sulphur 0.338 

Water 1980 

MeUUic iron 36.610 

Another specimen from " Blanchard's " on what was formerly known 
as the Hudson area (now area 45 of the Government plan) was examined ^^yjf^ ^'^^S 
by Mr. Hofl&nann. It was more earthy than the preceding and contained •<>»««•• 
a few fossil shells. 

A partial analysis gave. 

Peroxide of iron 60.710 

Protoxide of manganese 0.183 

Phosphoric acid 0.633 

Sulphur 0.085 

Insoluble residue .•«••• 29.976 

Metallic iron 42.500 
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The insoluble residue consisted of, 

Silica 1.20 

Alumina with traces of peroxide of iron 0.07 

1.27 

No doubt this is richer thftn the average of the ore i?hich could be 
obtained on a large scale. 

An assay of the specular ore from area 47, East River, Pictou County, ^^f,^^] 
gave 66.74 per cent, of iron. Ea8tRi7er,N.s. 

On the thirtieth lot of the sixth range of Elmsley, Ontario, a fine red 
hematite occurs, but Mr. Yennor tells me that the deposit is too small to 
be considered workable. A specimen of the ore was sent to the office of 
the Geological Survey by Mr. A. B. Savage, of Montreal, and a partial ^&^ ^^ 
analysis gave, Ontario. ^ 

Peroxide of iron 89.10 

Phosphoric acid 0.02 

Sulphur 0.07 

Titanic add none. 

Metallic iron 62.36 

The hematite was mixed with white talcose matter and a little mica. 

In the Report of Progress for 1871-72, p. 104, Professor Bell men- 
tions the occurrence of a slaty iron ore on the east side of IJake Nipigon. siaty hematite 
A specimen of this ore has been examined and found to contain 61.51 per^jj?^*^®^*^** 
cent, of peroxide of iron (metallic iron 36.06), traces of manganese, 0.076 
per cent, of phosphoric acid, and 8.00 of alumina, the remamder being 
chiefly silica.* 

When at the Dalhousie mine in July last, a specimen of the ore was 0^ from doi- 
selected by the manager (Mr. Gerald C. Brown,) and myself, which ^**°'*®™^' 
appeared to represent &irly the average of that then being mined. It 
contained 86.20 p.c. of peroxide, equal to 60.84 of metallic iron, and 
10.80 of insoluble matter. 

An ore from the Whykokomagh mmes. Gape Breton, collected by Mr. whykokomach 
G. Bobb, contained 42.64 per cent, of iron and 0.26 p.c. of phosphoric "^' 
acid. It was slightly attracted by the magnet gave a dark purplish-grey 
powder, and apparently consisted of a mixture of micaceous iron ore, 
magnetite, and a considerable quantity of siliceous matter. A second 
sample contained 41.28 per cent, of iron. 



In the erent of ore ever being smelted on Lake Nipigon, limestone could be obtained in 
places for a dux. The following is an analysis of a specimen from the south side of an 
island known as the Inner Bam : 

Carbonate of lime 69.69 

Carbonate of magnesia 3.32 

Soluble alumina and peroxide of iron 0.70 

Insoluble residue 26.45 

100.16 
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yni.— Red hematite from East River, Pictoa Cpuntj, Nora Scotia. By St^yenson Mac- 
adam, F.R.S. 

IX.— Specular ore from East Rirer, Pictou County, Nora Scotia. Also by Macadam. 
X.— Specular ore Trom the same locality as No. IX. By Dr. T. E. Thorpe, of the 
Andersonian University, Glasgow. 

TITANIC IRON ORE OR ILMENITE. 

This ore is found chiefly in rocks of Laurentian age, more especially in the ^^e of titamo 
Upper Laurentian,and often forms deposits of very considerable magnitude. *~°^"* 
Some of the ores of Brome and Sutton, in rocks of the Quebec group, also 
belong here, as they have been found to contain from twenty to thirty 
per cent, of titanic acid. In some instances the titanic acid found in the 
analysis of magnetic ores appears to be present as one of the constituents 
of the magnetite, but in other cases it is due to the presence of ilmemte oocnrrenoe of 

, magnetite and 

mechanically mingled with the magnetite. An example of a mixture of iimenite to- 
this kind, noticed by Dr. Hunt, in the rocks of the Eastern Townships has 
already been cited on page 206. Similar deposits would also be produced 
by the consolidation of the iron sands of the gulf. 

The largest deposit of ilmenite known in Canada is that at Bay St^nmemteofBay 
Paul* It occurs in a rock mainly made up of triclinic feldspar, and is ' ** ' 
said to have a thickness of about ninety feet. According to Dr. Hunt the 
ore is sometimes penetrated by crystals of a greenish triclinic feldspar, 
and frequently also contains grains of orange-red transparent titanic acid. 
No. I. is an analysis by Dr. Hunt, and No. II. by the late Dr. Frederick ^^SlSd^i?'' 
Penny of Glasgow : vetmy, 

I. II. 

Peroxide of iron 10.42 20.35 

Protoxide of iron 37.06 29.57 

Alumina 4.00 

Lime 1.00 

Magnesia 3.60 3.17 

Titanicacid 4S.60 40.00 

Silica 1.91 

99.68 100.00 
Metallic iron 36.12 37.25 

According to Dr. Penny the ore contams no manganese, phosphorus or 
sulphur. 

A specimen of titanic iron ore from St. Jerome, recently examined, 
was found to contain, * ^^ •^''^'^•• 

Metallic iron , 24.65 

Titanic acid 32.36 

Another from St. Julien, six miles' from St. Lin, (from a property 
belonging to Joseph Barsalou, Esq., of Montreal) gave, st Juuen. 

Metallic iron 38.27 

TiUnicacid 33.67 

* See Geol. of Can., 1863, pp. 501 and 764 ; also this Beport, p. 249. Large deposits of 
ilmenite, associated with labradorite rocks, hare been observed on the Sagnenay Rirer 
and on the shores of Lake Kenogami. 



So asoLoaioAi 

This specimen was mnch weatl 

a partiallj docompoeed feldsp 
lid it comes yctj close to the i 
bich gave Dr. Hunt 38.70 per 
:id. (Report of Progress, 18i 
nenite ocean in Ubradorite r 
iposit. Dr. Hunt alludes to H 
is is also the case wiUi the ort 

Id the Geology of Canada, page 501, some of the ores in the metamorphic 
■cks of Brome and Sutton are said to contain one or two hundredths of 
banio acid. This amount would of course not detract &om their value ; 
it it must be home in mind that in this same region there are also 
ipoeits which on account of their large propordon of titanic acid should 
i classed as dtanic iron ores. Thus a finely granular ore of a dark iron- 
rej colour from &.e ninth lot of the eleventh range of Sutton gave, 

IfeUlUciroD 40.87 

Tittnieadd 2T,30 

With the glass it shewed numerous grains of ^ca, and occa^onal scales 
' mica or perhaps chlorite. It was but slightly affected by the magnet 
id gave a brown streak. A similar ore from the eighth lot of the ninth 
inge of Suttan (Lee's lot) gave, 

Metallic iron 39.U 

Titanic acid 29.86 

Another from the first lot of the third range of Brome contained, 

Metaliiciron 41.46 

TitODic add _ 24.16 

Ijke the others it gave a brown streak, and was but very slightly affected 

f the magnet. It contained a litde vein of quartz holding small quanti- 

es of carbonate of copper- 

LIMONITE. 

This ore, which in some of its forms is often called brown hematite, con- 
sts essentially of peroxide of iron combined with water, the theoretical 
roportions being 85.6 of the former to 14.4 of the latter. 

The t«rm limonite is generally made to include bog ores, which, how- 
rer, will be considered separately here, aa a diatinction seems necessary, 
r at least convenient.* The ores to be described as limonite usually occur 
I veins, being the result of the alteration, generally in titu, of other ores 
: iron or of such minerals as ankerite ; if they contain organic matter at 
], it is, so far as known, in very small quantity. The hog ores, on the 
lier hand, appear generally to contain a con^derable quantity, of organic 

* The name limonite, being fixim ^i/iuv, a meadow, la, Btrictlj speaking, e«pcciallf ap- 
ic*ble to bog orea, but could not well be Ritticted to tbem now. 
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matter ; they occar, moreover, as patches or beds in low grounds, and 
are not the result of the alteration of pre-existing ores in ritu. 

No important deposits of limonite are known to occur in Canada in Age of cua- 
rocks older than the Afiddle or Upper Silurian, or newer than the Lower 
Carboniferous.* Those occurring in these rocks are chieflj in the Province 
of Nova Scotia. In the Middle or Upper Silurian of this Province the prin- 
cipal deposits are the result of the alteration of the spathic ore and anke- 
rite of the great Londonderry vein, which, together with its country rock. The London* 
has already been partiy described under hematite, and which, extends for ^^^ ^ * 
a distance of many miles. The alteration has not been continuous along 
the entire vein, but only local, and frequently, instead of limonite, earthy 
red hematite, or mixtures of red and brown hematite occur. The depth 
to which the alteration has extended is also variable, sometimes reaching 
only a few feet from the surface, while at the Martin's Brook workings^ 
in September last, it was being mined at a depth of two hundred feet. The 
limonite of this vein varies much in texture, sometimes occurring in botry- 
oidal and stalactitic masses with lustrous surface, as at Boss' Farm ; at 
others fibrous and with a beautiful silky lustre, as on the hill on the east 
side of Cumberland Brook ; in other cases compact and lustreless, or earthy 
and porous. At Martin's Brook much of the ore consists of honey-combed 
masses with reticulating wcdls of compact limonite and cavities contaimng 
earthy or ochreous ore of a brownish-yellow colour : this ore has probably 
been produced from ankerite, and frequently contains nests and strings of 
specular ore which originally had the ankerite as a veinstone. 

On gomg eastward we again find limonite, probably of the same age as 
that at Londonderry, in Pictou County, on area 105 (Cullen's, near the piotoa coimtr,. 
West Branch of the East River) . Here, in the banks of a small stream, a "^ 
band of quartaite is exposed which has been much broken up or shattered, 
and has the cracks filled with numerous veins of limomte. The largest ci 
these observed was about a foot thick, and it would be difficult to obtain 
ore in quantity sufficientiy free from gangue for smelting. It is, however, 
possible that on tracing the deposit it will be found that the rocks have in 
places been less fissured, and that the numerous small reticulating veins 
are there represented by single veins of greater thickness. At all events 
masses of ore too large to have come firom such veins as those exposed are 
scattered about on the surface for a conriderable distance firom the stream* 
Should large deposits be discovered here they would be especially valua* 
ble on account of their proximity to the Provincial Railway. 



• Lunonite is said to occar at the Jacksontown mines near Woodstock, 5.B., in rocks of 
Lower Silurian age ; bat the only specimen which I hare seen should be classed as hana- 
tite. According to Gesner (First Report, p. 72) an important deposit of ore, consisting of 
the hydrate of iron, argillaceous oxide of iron, and hematite occurs on the Nerepisroad, near 
Coot Hill, N.B., in argillaceous slate which is older than the Oarbonifbrons. 



GEOLOaiOAL SURVEY OF CANADA. 

the eaat, on area 100, according to Dr. Dawson, massM of 
found in the vicinity of the vein of specular ore, of which a 

has already been given, but the ore has not been discovered 
)a crossing the East Branch of the East Biver, however, a 
tpeoinga have been made on a vein of limonite which, unlike 
ig, occurs at the line of junction of the Silarian and Carboni- 
le vein follows the sinuositjes of the margin of the older rocks, 
n QiickneBS and quality in different places; being apparently 
leite the softer slates and where these are in contact with a 
iDeman limestone, which here, as in many parts of Nova Scotia, 
' the lowest members of the Carboniferous series. The ore is 
laasive, but more frequently in fibrous concretionary balls of 
associated with quantities of smaller concretionary or * gravel 
ome places the ore of iron is associated with concretions or 
Basses of Pyrolusite and Manganite," ■ The right-of-flearch 
rhich the lim'omte referred to by Dr. Dawson occurs are 
t and 48 of the Government plan. Besides the ore found in 

quantiljes of loose masses, sometimes of considerable aise, are 
lont on the surface, or buried in the drift. Unfortunately at 
my visit in September, none of the openings on the vein were 
Dut on what is known as the Fraser Saddler area (a mining 

out on the right^f search areas 46 and 48) the ore was 
ae to a small brook, and shewed a thickness of ahont eight feet 
i, compact, botryoidal and fibrous liraonite, occasionally con- 
II quantises of sulphate of baryta (see p. 283). This is the 
lie vein discovered by Mr. Hartley in 1868, and described by 

Report of the Geological Survey for 1866-69, page 440. 

1 spot where the ore was uncovered by this gentleman, Mr. G. 
has since (in 187^) made an excavation and found the vein 

as than fifteea feet thick, two feet eight inches conasting of 
itionary limonit« known as " ore gravel," and the remiuader of 
lid varieties mentioned above. One wall of the vein was com- 
id slate, and the other of stiff red and white clay. 
listance further down the river, or nearer to Springville, a 
ten sunk by Mr. David Fraser to a depth of 42 feet, and on 
g the vein reached and found to be twenty-two feet six inches 
iriao slates. Dr. Dawson tells me, occurred on one side of the 
I the other Lower Carboniferous limestone ; the latter,boweTer, 
ated from the ore by a selvage of clay. Still nearer to Spring- 
ither opemng made close to the roadside by Mr. Gilpin, the 
rted to have a tluckness of twenty-three feet 

».— Can, Nftt., new Sei., vol. rii., p. 137. 
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At Brookfield near the line of the railway between Halifax and Brookfleid,N^. 
Truro, large masses of limonite are said to occur scattered over the sur- 
face, and, according to Dr. Dawson, probably near the junction of the 
Lower Carboniferous with older rocks. The occurrence of important 
veins in 9itu has, however, so far as I can learn, not yet been proved. 

The ores of Lower Carboniferous age at Clifton and the mouth of the ^^ *^f gj 
Shubenacadie have been described under hematite (p. 218), though con-^*^*^°***^®- 
sisting of both hydrous and anhydrous oxides of iron. 

The more important minerals accompanying limonite have already b^^^n Hindis ao^m> 
noticed; they are ankerite, barite, caJcite, gothite, hematite, manganite"^ 
pyrolusite, and siderite. 

COMPOSITION OF LIMONITBS, 

Several analyses of Nova Scotia limonites have been made in the labora- 
tory of the Geological Survey, Four of the specimens examined were 
from the Acadia mines, Londonderry, one from the West Branch of the 
East River (Cullen's area), and one from the East Branch of the East 
River (Eraser Saddler area). The analyses of the Londonderry speci-^^^j ^^^ 
mens will be given first and then those of the East River specimens. i^njfondenr 

Ito89^ Farm, Acadia Mines. 

The ore at this locality occurs mostly in the form of lustrous botryoidal 
or mammillary and stalactitic masses of a dark brown colour and exhibiting 
a fibrous structure when broken. An analysis of a specimen with a specific 
gravity of 3.98 gave Mr. Hoffmann as follows : 

Peroxide of iron 84.73 

Protoxide of iron traces. 

Protoxide of manganese 0.23 

Alumina 0.23 

Lime 0.14 

Magnesia 0.14 

Phosphoric acid 0.19 

Sulphuric acid 0.01 

^^{^S^r:::::::::::=::z::=: xt^ 

Insoluble residue 2.67 



99.74 



Metallic iron ^ 69.31 

Phosphorus 0.083 

Sulphur 0.004 



The insoluble residue consisted of. 



Silica 2.54 

Alumina with traces of peroxide of iron- 09 

2.63 
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MoTiitCt Brookj Aeadia Minn. 

Much of the ore at this locality is ochreouSy bat it also oceots in dark 
brown botryoidal maBBOs with fibrous stractoie within. A specimen of the 
latter variety with a specific gravity of 8.91 gave Mr. Hoffinann : 

Peroxide of iroiL. - 82.«5 

Protoxide of iron tzmoes. 

Protoxide of OMog»iMte 0.25 

AlmninA' 0^ 

Lime 0.15 

lUgnetiA 0.10 

Phosphorie Add. ^ 038 

Sulphuric ftdd 0.02 

^'*«{ SS»^::±;::::::-z;:::::= i"oii 

losolable rwidue 4.79 

99.72 

Metallic iron. 67.850 

Phosphonu 0.166 

Solphur 0.008 

The insoloble residue was found to consist of, 

SUica i.51 

AlmniBa with traces of peroxide of iron 0.28 

4.79 

Large quantities of this ore have been smelted at Londonderry, the 
Fhoflphomi in average yield in the furnace being nearly 50 per cent. A sample of the 
^ bar iron made from it contained only 0.018 per cent, of phosphorus. 

Cumberland Broohf North Veifij Acadia Minei. 

This specimen was a hard compact limonite of a dark brown colour and 
without lustre, except cm the surfaces of occasional cavities. It had a spe- 
cific gravity of 3.77, and yielded on analysis: 

Peroxide of iron 82.13 

Protoxide of iron 1.00 

Protoxide of manganese 0.72 

Alumina 0.66 

Lime 0.88 

Magnesia 0.25 

Silica 1.93 

Phosphoric acid 0.86 

fiolphuric acid 0.04 

w«»«,./ J^yfiffoscopic 0.44 

^***' I combined. 11.07 

vv.VB 

MeUUic iron i 58.27 

Phosphorus ^ 0.37 

Sulphur 0.016 

Insoluble residue 2.05 
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Cumberland Brook, South Vein, Acadia Mines. 

The sample of ore from this place toaljsed was an ochreoos limonite of ' 

41 yellowish brown colour and having a specific gravity of 3.31. It con- 
tained: 

Peroxide of iron ^ 79.68 

Protoxide of iron none. 

Protoxide of manganese 2.51 

Alumina 0.63 

Lime 0.57 

Magneeia 0.34 

Silica 3.06 

Phofphoric acid 0.44 

Solpharicacid 0.01 

Water i ^Jg^^^V^^ 0.78 

*^"®' i combined 11.65 

99.66 

Metolliciron 66.776 

Phoephoms ~ 0.192 

Sulphur 0.004 

Insoluble residue 3.040 « 

Fraser Saddler Area, East River, Pidou County. 

The specimen was a beautiful fibrous limonite of a light brown colour, Analysis of ores 
and specific gravity of 8.84. It contained but little sulphur or manga- Hirer, pictou | 

nese, although heavy-spar, manganite, and pyrolusite are all found occa- ^^^ ^' 
sionally associated with the ore in parts of the vein. An analysis gave : 

Peroxide of iron 85.01 

Protoxide of iron none. ^ 

Protoxide of manganese 0.38 

Alumina 0.69 

Lime 0.49 

Magnesia 0.19 ^ , 

Phosphoric acid traces. 

Sulphuric acid 0.055 i 

ic 0.36 




^**®' I combined 10.77 

Insoluble residue 2.14 

Organic matter traces. 

100.085 

Metallic iron 69.60 

Sulphur 0.022 

The insoluble residue was found to consist of, 

Saioa 1.98 

Alumina, with traces of peroxide of iron 18 

Lime « traces. 

2.16 
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, West Branch of the East Siver, Picica 

County. 
the ore from this looality with a specific gran^ 
led by Mr. Hoffimmn. It was a compact limonite 
id coDtuced : 
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ndicated by all these analyses is less tbao that 
> form Umonite, the average deficiency being 
i the same time it is greater than m gothite, eo 
egarded as mixtures of limonite with oxides of 
}n, or of limonite with anhydrous peroxide. 
loruB is not hi{^ for ores of the class ; ranging 
ore from the Fraser Saddler area to 0.431 per 
Hen area, or an arerage of 0.207 per cent. The 
Ij^ur is very low, being only 0.016. 

BOQ ntON OKE. 

Dcipal deposits of this ore known in tho cc untry 
'■oloffy of Canada, in 1868, and since that tmu; 
lave been developed. 

f recent age, occurring at or near the sor&ce, 
e^ons, ferrag^ous sands often being the source 
they are found in a pulverulent condition, and 
1 better adapted for pigments than for smeltiDg. 
es is generally yellowish or reddish-brown, though 
ley often present odier lints owing to portions 
ednced to the conditioa of protoxide by organic 
imployed for smelting occurs in concretionary 
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lamps or masses often shewing a curious cavernous structure, and either 
dull and earthy, or at times highly lustrous when fractured. The colour is 
usually yellowish or reddish-brown, and dark brown or black when much 
manganese is present. The concretions are either scattered through the 
soil, or else form continuous layers, generally only a few inches in thick- 
ness, though sometimes several feet — in one instance, in Cdte St. Charles, 
Yaudreuil, no less than eight feet ! * 

. Though the iron in Canadian bog ores occurs chiefly as peroxide in 
combination with water, and generally also with organic acids, protoxide of gJJ^*o»*<^« <>* 
iron is very commonly present, often, apparently, in combination with 
silica, which separates in a gelatinous condition on treating the ore with 
hydrochloric acid. Oxides of manganese also are frequently present, 
though in variable quantity, ranging from mere traces up to nearly thirty 
per cent. The proportion of iron obtained on analysis is likewise variable, 
averaging about fifty per cent. In the blast furnace, however, the yield 
has usually been only from 30 to 40 per cent., as the ores often contain Yieid^of bog 
a considerable proportion of silica, in the form of sand, which is not easily *^tt"i»«o- 
removed even by washing. When sulphur is present, it is, so far as 
known, only in very small quantity. The amount of phosphoric acid 
ranges from mere traces to nearly two per cent. The volatile matter 
(water and organic matter) averages about twenty per cent. (19.92 as 
deduced from ten jinalyses). In an ochre from Ste. Anne, Montmorenci, 
Dr. Hunt obtained as high as 86.15 per cent, of volatile matter. 

No ore is more easily reduced than bog ore ; for not only is it porous 
and readily permeable by reducing gases, but the organic matter undoubt- orfranic matter 
edly aids in its reduction. The conversion of bog ore into magnetic »«ent 
oxide by the reducing action of the organic matter has been described on 
page 195, and Dr. Hunt found that the ochre from Ste. Anne, when heated 
to redness in a closed vessel, evolved inflammable gases and was converted 
into a mixture of pyrophoric metallic iron and charcoal. 

A large proportion of the pig iron made from bog ores is generally white and 
white or mottled, this, no doubt, being due to manganese and phosphorus. 
During the time that the St. Francis furnace was in blftst, over fifty per 
cent, of the iron produced was white and mottled. Though it is generally 
stated that the wrought-iron made from bog ores is cold-short, such is not ^om^f og opm 
always the case, and bar iron produced in an old-fashioned hearth-finery JJid^ihort 
was seen at the St. Maurice Forges which was not all cojd-short, and 
which, on analysis, shewed only traces of phosphorus. 

The only localities in which I have had an opportunity of seeing deposits Localities 
•of bog ore are in the Seigniory of Vaudreuil and in the vicinity of the ^ 
St. Maurice Forges. In Vaudreuil the ores are of very variable charac- 



• ^ee Oeol. of Can., 1863., p. 683. 

Q 
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ter; in C8te SL Charles the ordinary yellowidi or leddiah-biown 
coneretioDary Tuietjr is fixmd, and sometimes fonns ridges or lentieolar 
patches with inteirening hoDows. The ridges qypear to haTeheen fimned 
by the acconnilation of the mre in what were once hollows or banns ; the 
inteirening sand was then washed away and a second set oi baans 
formed in which ore has once been accomnlating. In Ste. Angeliqne, on 
what is known as the McGriDis property, and also in Ste. EEzabeth, a black 
or brownish-black concretionary ore containing a large {woportion of oxide 
of manganese occurs. The concretions average probably not more tiian 
three-quarters of an inch in diameter, and are nsoally firee firom intermixed 
AnaiyA^m Band. A Sample from the McGillis property, close to the brook, and a 
liqne. YtMr few hundred yards above the site of the old miH, was selected for analysis,. 



dreofl. 



and gave the following results : 



Penmde of iroa ..^..^ 40.96 

Oxide of mADganese 26^ 

Lime 1.48 

Ifagnena traees. 

Phosphoric Acid 0.60 

Solphnrie acid ^ traces. 

Insoluble matter and solable silica^ 1 2.08 

Water and organic matter 17.97 

99.43 
Metallic iron 28.67 

When treated wi(h hydrochloric acid chlorine is evolved and a consi- 
derable quantity of silica separates in th< gelatinous condition ; the latter is 
probably combined with protoxide of iron, the amount of which could not 
readily be determined, as the chlorine ^ven off at once converts it into 
peroxide. The manganese in the above analysis la calculated as protoxide, 
although a portion of it at least must be present in a higher state, of 
oxidation, judging from the evolution of chlorine. The ore of similar 

8te. Eiiisbeth* character in Ste. Elizabeth could probably be obtiuned in considerable 
quantity, and although not rich in iron would be valuable for mixing with 
other ores, on account of the large proportion of manganese which it con- 
tcdns. 

In the vicinity of the St. Maurice Forges several varieties of bog ore 
also occur, but nothing was observed exactly corresponding to the highly 
manganesian ore of Vaudreml. When at the L'Islet Forge a specimen 
was selected from a pile which had been taken from a bed two feet thick 

Anaiyiif ofore and Underlying three feet of peat. The results of an analysis shew it to* 

'^^ be an exceedingly pure ore. It contained, 

Peroxide of iron 69.64 

Protoxide of iron 7.25 

Protoxide of manganese 0.05 
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Alamina 90 

Lime 0.53 

Magnesia traces. 

Phosphoric acid traces. 

Salpharic acid. 0.05 

Silica 1.93 

Water and organic matter 22.04 

102.39 

Metallic iron 54.36 

The ore was partly compact, partly ochreous, and of a darkjbrown 
colour. It was examined for phosphorus by both the molybdate of ammo- 
nia and tartaric acid processes, but in neither case could more than traces 
be detected. 

For the sake of comparison Dr, Hunt's analyses of bog ores, published Dr. Hunt'e'^vn 
in the Geology of Canada, page 511, are repeated here in the following orwr'^^ ^^ 
table. The iron is given as peroxide, although Dr. Hunt states that in 
some cases it was present in part as protoxide. 

ANALYSES OF BOG ORES. 

By Dr. T. Sterry Hunt. 



Constituents. 


I. 


Ila. 


lib. 


ni. 


IV. 


V. 


VI. 


VU. 


Peroxyd of iron 


74.50 


76.95 


57.15 


77.80 


77.60 
0.30 


74.30 
traces. 


64 80 


HesonioxTd of manflfAnese r.. 




5.50 


Alnmina ,-.---.-- ..r,r.,r, t—t 


0.30 
7.10 


0.80 
1.60 




1.60 
21.60 






Silica ; 


5.43 

1.52 

19.70 


1.76 

0.61 

16.50 


5.40 

1.81 

17.26 


3.60 

1.80 

22.20 


4.80 


Phosohoric acid 


undet. 


Volatile matters 


18.95 


* 19.80 


18.85 


23.65 




100.85 


99.05 




99.20 


96.67 


102.36 
54.32 


101.90 


98.75 








Metallic iron 


52.15 


53.86 




54.46 


4000 


62.01 


45.36 



















I.— From Petite 06te, Vandreuil. 
II. a. and b.— From Cdte St. Charles, Vandreuil. 
III.— From Upper Rockj Point, Eardley. 
rV.— From Bastard, twentieth lot, second concession, 
v., VI. and VII.— St Maurice Forges. 



SPATHIC IRON ORE. 

This ore, which is composed of crystalline carbonate of iron/may be 
regarded as the least important of all the iron ores of the Dominion, only 
one deposit being known which gives any prospect of being of economic 
value. In New Brunswick it is found in rocks referred by Professor 
Bailey and Mr. Matthew to the Huronian, sometimes in the form of veins, 
the thickest of which, however, are only about four inches. Its occur- orw.^ *^* 
rence in small quantity in rocks of the St. John group, as well as in slates 
of Devonian age, is also mentioned by the same writers (Report of Pro- 
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gress, 1872-73, p. 227.) The deposit alluded to above as probably of 
economic importance occurs near Sutherland's River, in Pictou County, 
Nova Scotia, and was described by Mr. Edward Hartley in the Report of 
Progress for 1866-69, page HI. It appears to be a bed, the rocks above 
and below being sandstones of the Millstone-grit formation. Since Mr. 
Hartley's visit, further explorations have been carried on by Mr. G. M. 
Dawson, from whose report the following is extracted : 
Extnustfroma " The surfaco of the country is very deeply and uniformly covered by 
G^M. Dawson drift-material, and explorations on the area have been attended with con. 
oreofSuther. sidcrablc difficulty, it having been necessary to sink and cross-cut in the 
N.s. ' enclosing rocks. The ore is very well exposed in the bank of a brook. 
At this point, and near the level of the brook, a shaft 14 ft. deep has 
been made, and the ore proven to that depth, and its general character 
more clearly defined. It is evidently somewhat nodular in structure, 
being softer and harder in some places, and its junction with the over- 
lying and underlying rocks having an undulating character. At the 
brook level the bed has a thickness of 10 ft. 6 in. At the bottom of the 
shaft this has decreased to 6 ft. 6 in., and it is probable that the ore, as 
followed, will continue thinning and thickening alternately. The dip of 
the ore and surrounding rocks is about S. 25^ £., at an angle of 60^, 
and underlying the main bed of ore about 4 ft. was a small ore bed 6 in. 
in thickness. A shaft was sunk both east and west of the brook expo- 
sure, and at distances from it of 941 and 215 ft. respectively. The 
measures have been cross-cut several feet north and south in each, but as 
yet without discovering the ore bed. Small strings and layers of carbon- 
nate of iron contained in reddish clayey sandstone were passed through in 
both places, showing that the bed was not far off; and in the north level 
from the west shaft, when we were obliged to suspend operations, the 
prospects seemed very good." 

None of the openings were accessible at the time of my visit, so that 

the only place in which the bed could be seen was in the bank of the 

Thickness of brook, whorc, as stated by Mr. Dawson, it has a thickness of between ten 

Sutherland's and clevcn feet. Before its real extent and value can be determined 

further explorations will be necessary. 

Dr. Dawson has called attention to the fact of its being at no great ver- 
tical distance from a bed of gypsum, and to its being somewhat similar in 
mode of occurrence to the non-fossiliferous sub-crystalline limestones 
which occur in some parts of the Lower Carboniferous series associated 
with the gypsum.* 

The ore when it has not been weathered is highly crystalline and of a 
grey or brownish-grey colour. On exposure the protoxides of iron and 



Jilver. 



• Can. Nat. new ser, VH. 3, p. 132. 
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manganese pass to a higher state of oxidation and the ore assumes a much 
darker colour. Some of it is a good deal mixed with limestone, and much 
of the material which has been extracted from the largest opening east of 
the brook consists of a porous or cellular srey limestone with scattered Lfme**one con. 
crystals of carbonate of iron. This, though probably not rich enough. ino'8P»w"ciron. 
iron to be smelted as an ore, would make an exceedingly valuable flux. 
The following analyses shew the ore to be of exceedingly fine quality : 

ANALYSES OF SPATHIC ORB FROM SUTHERLAND'S RIVER, N.8. 



Constituents. 



Sesquiozide of iron 

C&rbonate of iron 

Carbonate of Manganese. 

Carbonate of lime , 

Carbonate of magnesia .. 

Silica 

Hygroscopic moisture 

Sulphur 

Phosphorus 

Organic matter , 



Metallic iron. 



1 

I. 


II. 

20.52 
57.40 
8.29 
4.02 
6.66 
2.33 
1.43 

undet. 

u 

none. 


III. 


IV. 


16.98 

65.61 

7.98 

2.67 

3.23 

3.76 

.76 

none. 

.013 

traces. 






88.48 
1.85 
2.34 
5.82 
1.51 


88.59 
2.85 
1.53 
3.48 
2.70« 




.55t 
none. 










101.003 


99.70 


100.00 


99.70 


43.56 


42.07 


42.80 


42.76 



I. and II, were made by Mr. Gordon Broome in the laboratory of the 
Survey ; the first specimen was from the outcrop on Sutherland's Brook, 
the second from a costeaning pit about 76 feet farther westward. (Report 
of Progress, 1866-69, p. 442.) III. is by Dr. Stevenson Macadam, of 
Edinburgh, and IV. by Dr. T. E. Thorpe, of the Andersonian University, 
Glasgow. 

CLAY IRON-STONE. 

This is a compact earthy ore varying in colour from light brown or grey ^^^^.^^ ^^ 
to'^black, the difierent shades often depending upon the presence of organic ci»yi'^<^»^-«^o«' 
or coaly matter, or upon the peroxidation of the iron when the ore has 
been exposed to atmospheric action. It consists of carbonate of iron 
mixed with clay and other impurities, and though not rich in iron has 
been the chief source of that metal in England. 

In Canada it is found in rocks of Devonian, Carboniferous, Jurassic^AgeofcUy 
Cretaceous, and Tertiary age. The Devonian iron-stones occur in layers *™'*"**°'*®'- 
and nodules in the shales which are interstratified with the Gasp^ sand- 
stones. They will probably never be of much importance as a source of 
iron. 

In Nova Scotia they occur in the Carboniferous shales of the Cape Kora scoua. 
Breton, Pictou, and Cumberland coal-fields, though very little is really 
known of the thickness or quality of the deposits. A|any years ago 



* Insoluble matter, f Sulpbate of lime. 
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attempts were made to smelt the ore from beneath the maia seam at the 
Albion mines, but were not attended with success. 

Clay iron<atonc9 also occur in the Carboniferous of New Brunswick, bnt 
whether they are widely distributed I cannot say. Judging &om the 
return of borings published in Gesner's 3rd Report to the Legislature of 
New Brunswick in 1840, the quantity at the Salmon River coal-field must 
be very considerable, as no less than about one-nxtb of the 402 feet 9 
inches bored through consisted of clay iron-stone. Gesner, however, says 
nothing as to its quality. 
» The coal-bearing rocks of Cretaceoos age in Vancouver Island often 
contain iron-stones, though little is yet known as to the quantity. At the 
Bayne's Sound Mines the nodules are of large nze ; some of them being 
flat or lenticular, and others round ; the former vary in length &om six 
inches to four or five feet, and in thickness from uz to eighteen inches, 
and the latter are often as much as eighteen inches in diameter. (Report 
of Progress, 1872-73, p. 43). Mr- Richafdson thinks that at thb 
locally sufficient could be obtained for the supply of a blast-famace. 
East of the Rocky Mountains Cretaceous iron-stones again occur, but little 
can be said as to the quantity until further explorations have been made. 

The Jurasuc ironstones are found on the Queen Charlotte Islands in 
the shales associated with the anthracite. They are not known to be of 
economic importance. 

Those of Tertiary age occur in the lignite-bearing strata west of Red 
Kver, in the vicinity of the 4dth parallel, where they have been observed 
by Hector, Professor Bell, Mr- G- M. Dawson and othera. From the 
recently published report of the last named gentleman I quote the follow- 
ing : " The ironstones of this formation, though occurring very frequently 
in the same sections, and in close proximity to ihe coals, have not been 
observed in any place to attain a conuderable thickness- They generally 
run in nodular sheets of only a few inches thick, through the clays and 
arpUacftous sands. Externally they weather to various shades of choco- 
late-brown and reddish-brown, bnt are hard and compact in structure and 
Tfithin preserve their original bluish or yellowish-grey colour. They ring 
beneath the hammer, and break off in conchoidal chips- Considerable 
quantities of this material might be gathered from the surface is some 
localities, and it is probable that further search might bring to light 
localities in which so many layers of ironstone occur in the same section 
as to render it profitable to work over the entire bank. Should these ores 
ever come to be worked, limestone for use as a flux could be obtamed in 
considerable quantities from the boulders of Silurian age which strew the 
plains in many places." ' 
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Bat few of the Canadian iron-stones, so far as I am aware, have jetAn^TieebyUr. 
been analysed. The two following partial analyses of iron-stonts of Ter- ^' ^'^^"^ 
tiary age are given by Mr. G. M. Dawson (1. c, p, 80) : — 

I. u. 

Protoxide of iron 49.00 46.72 

Water lost at 115° G 1.81 3.57 

Carbonic acid lost on ignition 28.57 21.23 

Siliceoos matter inaol. in fl 01 17.04 8.72 

Salphnric acid 0.26 0.30 

Phosphorus trace. 0.03 



Metallic iron in raw ore 38.11 37.53 

Metallic iron in calcined ore 54.27 49.93 

A small quantity of the iron was in the state of peroxide, but was not 
estimated. No. I. is from Souris Valley and No. II. from 245-mile Valley. 

The following is an analysis which I have recently made of a specimen 
of Tertiary iron-stone brought by Professor Bell from the " Dirt Hills " Anaiysuofore 
last summer. The ore is very tough and breaks with a conchoidalmS.**'^'^^ 
fracture, the freshly fractured surfaces being of a brownish-grey 
colour : — 

Protoxide of iron 51.977 

Peroxide of iron •••... 1.456 

Protoxide of manganese 1.179* 

Alumina 2.306 

Lime 1.140 

Magnesia 0.650 

Silica 7.026 

Carbonic acid 31.850 

Phosphoric acid 0.200 

Sulphuric acid 0.053 

Bisulphide of iron • 0.088 

Water I ^^yfif'^SCOpic 0-846 

^**®' 1 combined 0.534 

Organic matter • 0.524 

99.829 

Hetallic iron ^ 41.486 

Phosphorus 0.087 

Sulphur 0.068 

It win be noticed that the largest part of the sulphur is present in com-suteof oom- 
bination with iron, which is generally the case in iron-stones. Mr. Daw-soiphur. 
on, however, states that in the specimens examined by him the sulphur 
was present ^^ entirely as sulphuric acid and in combination with 
lime." 
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Afliays of Iron- In the following table are given the percentages of metallic iron in eigk 



Btones. 



Examples of 
the cost of 
labour. 



samples #f clay iron-stone from different localities: — 



Locality. 


P.O. of Iron. 


Age, 


J.— Pictou Countj, N.S., north of 

New Glasi;ow conglomerate. 

2. — Barr&sois. Caoe Breton 


30.55 
27.84 
36.83 
29.78 

23.72 
39.46 
41.05 
37.95 


Carboniferoos. 

(( 

Cretaceous. 

Tertiary. 
tt 

« 


3.— Bajnes' Sound mines, V.I 

4 U U U {( 

5.— Scissors Greek, about 30 miles 
west of Port EUice 


6. — Second Hill, Woody Mountains 
7.— First Hill, « '• 
8.— 345-Mile Valley 





Specimen No. 1 was a nodule collected by Dr. Dawson, On breaking 
it open it was found to contain zinc blende, a mineral otherwise unknown 
in the Carboniferous of Nova Scotia.* 

No. 2, collected by Mr. Charles Robb. 

Nos. 3 and 4, collected by Mr. Richardson and assayed by Mr. Hoff- 
mann. 

Nos. 6, 6, and 7, collected by Professor Bell. 

No. 8, collected and assayed by Mr. G. M. Dawson. 

The average percentage of iron is 83.40. 

ECONOMIC CONSIDERATIONS. 

Under this head a few notes will now be given on the cost of labour, 
cost of mining iron ores, cost of shipment, of smelting, and other kindred 
subjects. 

Cost op Labour. — The prices paid for labour in connection with the 
iron mines vary somewhat in different parts of the country. In general 
miners get from $1.25 to $1.40 per day, although the price sometimes 
runs below the former or above the latter figures. This will be best 
illustrated by a few examples from mines which were being worked in the 
past summer : At the Haycock location in Templeton and Hull, the aver- 
age price paid for labour was about $1.30 per day. At the Bristol mine 
(Bristol, lot twenty-one, range two) the miners received $1.50 per day, 
this high price possibly being due to the demand for labour in connection 
with the Amprior lumber mills. At the Dalhousie mine $1.25 was paid 
when the men boarded themselves, but only 80 to 90 cents when board 
was supplied. At the Blairton mines (Belmont) 150 men were being 
employed, receiving from $1.20 to $1.30 per day, according to the special 
kind of work in which they were engaged. They were furnished with 
cottages at the rate of $1.50 per month. At the Chaffey and Yankee 



* Since the above was written Mr. Ho£toann has detected blende in a spedmen of co&I 
from Gape Breton. 
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mines in South Crosby the men were being paid by the month, getting 
from $20.00 to $26.00 besides their board. This, allowing 26 working 
days to the month, would be at the rate of from 77 cents to $1.00 per 
day, besides board. The men employed in connection with the St. Francis 
(RiviSre aux Vaches) furnace and charring ovens, received last year 
an average of $1.25 per day, without board. About the same price was 
also paid to the men engaged in collecting ore. At the St. Maurice 
Forges wages were very low, an ordinary labourer getting in some cases 
as low as 70 cents a day and boarding himself. The men engaged in 
collecting bog-ore were being paid 30 cents for every barrique* of ore 
taken out. The furnace-keeper and charger received $28.00 per month 
and the other men employed in connection with the the furnace $22.00. 

At the Acadia mines, Londonderry, ordinary labourers received from 
$1.00 to $1.30, and miners $1.50 per day. The latter, however, were 
generally paid by the ton of ore extracted, and were making from $40.00 
to $46.00 a month. The men employed in connection with the furnace 
were paid by the ton of pig iron produced, the keeper getting 25 cents 
and the others 20 cents per ton. This allowing the furnace to produce 
about 7 J tons per day would be $1.83 per day for the keeper and $1.47 
for those under him. 

In British Columbia no iron mines are, I believe, being worked ; the 
prices paid ooal miners at the mines on Vancouver Island, however, 
ranged in 1872 from $3.00 to $4.00 per day. Ordinary labourers 
received from $1.76 to $2.00.t 

In the Swedish iron mines the miners get about 80 cents a day, or cost of labour 
about half a dollar less than our iron miners on the Atlantic side of the ^^ ^^^®°- 
continent. 

Cost of Mining. — The cost of mining (getting and bringing to bank) 
a ton of ore of course depends upon the character of the ore and the 
enclosing rock, the position of the mine, depth of the workings, necessity 
of pumping or otherwise, cost of labour, and numerous other contingen- 
cies. In prospectuses it is often put down at 76 cents, but it would be 
diflBcult, if not impossible, to find a single instance in the whole country 
where ore requiring blastmg is being mined for less than $1.00 per ton, 
even under the most favourable circumstances. There is, however, no 
doubt that in many cases the cost might be materially reduced by careful Reduction in 
management and the use of steam drills and (with proper precautions) of JJfnJJJ^**^ 
such explosives as dynamite and dualin. At present many of the miners 
are inexperienced, and in drilling holes for blasting seem to be quite 



« 6 bushels, French measure. The barrique of ore weighs from 600-800 lbs., according to 
the quality of the ore. 

t Report of the Hon. H. L. Langevin. G.B., Minister of Public Works, (Ottawa, 1872) p. 
13. 
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unconscious of such a thing as a line of least renUance. By placing the 
hole in a wrong position a large proportion of the useful effect of the shot 
is lost and unnecessary expense involved. In nearly all cases the ore is 
obtained from open cuttings, there being only two or three iron mines in 
the whole countiy where underground mining is or has been carried on. 

woriSS^'*"^ Underground workmgs would, however, in many cases be advantageous, 
especially where operations are carried on during the winter, in which 
season, owing to the cold, snow, and ice, the cost of mining has in some 

SJroS^f^' instances been nearly double the cost in summer. A few examples of the 

m^Ains- cost of mining in different localities may be of interest. At the Haycock 

location the ore delivered at the end of the tramway on the bank of the 
Gatineau River costs $1.76 per ton. The length of the tramway is Qi 
miles. At the Dalhousie mine the cost of mining for the year ending 
February, 1871, was $1.25 per ton, not including outlay for plant, and 
including outlay for plant $1.4G. From that date up to February, 1873, 
the cost was but slightly increased. A portion of the worldngs are 
underground. Quite recently operations at this mine have been suspended. 
At the Yankee and Chaffey mines in South Crosby the cost is only f 1.00 
per ton, but the conditions for mining are very favourable. The Chaffey 
mine, which is situated on an island in Mud Lake, on the Rideau Oanal, is 
so close to the water's edge that the ore is raised by means of a crane 
and dumped directly into the barges. At the Blairton mine (Belmont) 
the ore costs $1.25 loaded on the cars which take it to Rice Lake. 
Much of it is raised from a depth of about 120 feet by an engine of 20 
horse-power. Percussion steam drills are employed, the holes drilled 
being from two to three inches in diameter. A twelve horse-power 
engine is used for pumping the water which accumulates in the main 
opening. At the Acadia iron mines, most of the ore (limonite) which 
has been smelted for some years has been obtained from the Martin's 
Brook workings about 2^ miles from the furnace. The vein is here of 
somewhat irregular character, thickening and thmning alternately and 
often containing ^'horses." A good deal of " dead work " has accord- 
ingly to be done, increasing the cost of winning the ore. Exclusive of 
dead work the ores cost about $1.00 per ton at the mouth of the level, 
while if the dead work is included it increases the cost to from $1.90 to 
$2.00 per ton. Delivered at the furnace the ore costs $2.50 per ton. 
In the vicinity of the St. Maurice Forges the bog ore costs 80 cents a 
barrique or from 8 1 cents to $1.12 per ton. It has, however, to be drawn 
from 4 to 9 miles, so that the cost at the furnace is more than double the 
latter figure. 

costofmMing In Sweden the mining of the magnetic ores costs from 55 cents up to 
$8.00, but the ore has often to be raised from depths of several hundred 
yards. 
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Cost op Transportation. — Most of the ores which are mined in Can- 
ada are shipped to the United States to be smelted there. The mines, 
however, are often sitaated at considerable distances from railway or 
water commanication, to which the ores have to be drawn by horses. The 
drawing is generally done in winter, since at that season the farmers are 
much of the time unoccupied and glad to obtain employment, and because 
much larger loads can bo taken on sleds than on waggons. The prices 
paid for hauling ore of course vary much in different regions. Probably 
the smallest remuneration given anywhere has been at the I^&lhousie ^^^|^^<>< 
mine, from which to Perth, a distance of 12 miles, the ore was drawn, by traiwportatioiu 
contract, during the winter of 1872-78 at the rate of $1.00 per ton. 
From Perth to the point of shipment on the Bideau Canal, 7 miles, the 
price psdd was 60 cents. For the whole distance of 19 miles, then, the 
cost for carriage was only $1.60 per ton, or a little less than 8^ cents per 
mile. " The average weight of loads of ore hauled from the Dalhousie 
mine, by contract, to Perth in 1870-71 was 4 tons— 3.99; in 1871-72 
it was 4i tons— 4.248 ; in 1872-73 it was 3i tens— 8.74. The ton of 
2240 lbs. is always used. The loads vary from 6,000 to 12,000 lbs., and 
sometimes run up to 14,000 lbs."* It must be borne in mind that most 
of the road is horizontal or in places down-hill. Were it up-hill, such 
large loads could not be carried. During the winter of 1872-73 ore was 
hauled from the Howse and Chaffey mines in Bedford to Westport on the 
Rideau Canal, a distance of 17 miles, for $2.40 per ton, or at the rate of 

14 cents a mile. The road here is more hilly than that from the Dal- 
housie mine. At the same time ore was drawn from the Hull mines to 
the River Gatineau, a distance of about 2 miles, for 30 cents per ton, or 

15 cents per mile. The road is horizontal or down-hill all the way, and 
as much as 5 or 6 tons were sometimes taken in a single load. At the 
Acadia iron mines, where most of the ore is drawn about 2 miles, the 
price per ton is from 50 to 60 cents, or 25 to 30 cents per mile ; from the 
Cumberland Brook workings, a distance of about three miles, it is 85 cents. 
The amount hauled from the Martin's Brook workings to the furnace in a 
day by a pair of horses is only about 5i tons. 

The ore of the Hull mines is chiefly shipped to Cleveland and by way 
of the Rideau Canal. The cost of shipment is said to have been only 
82.50 per ton in 1872, but most be much higher now— probably $3.00- 
$3.50. From the Chaffey and Yankee mines, the ore is carried in barges 
to Kingston, a distance of 44 miles, for $1.00. From Kingston to Cleve- 
land the cost for these as well as for other ores is $1.25 to $1.50. The 
Dalhousie ore is carried from the point of shipment on the Rideau to 
Kingston, about 60 miles, for from $1.25 to $1.50 (including loading). 



* Information kindly sent me hy Mr. Q«rald G. Brown, Manager of the Dalhousie mine. 
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From the Blair^on mine to Pittsburg the cost of transportation is said to- 
be aboat $4.00. 

Besides the ores which are carried to Cleveland, small quantities are 
sometimes shipped to Charlotte in New York state. 

Smelting op Iron Ores. — The history of iron smelting in this coun- 
try is neither a long one nor a brilliant one. The list of failures is greater 
than the list of successes ; but such is always likely to be the case/or a 
time at least, in countries like our own, where enterprises are too often 
undertaken by persons of little or no experience. 
£?mice6 erect?* ^^ ^^^ *'^^ Seventeen blast furnaces have been erected at diflFerent 
^' times in four provinces of what is now the Dominion, and in the follow- 

ing localities : 



Ontario. Quebec. 


New Brunswick. 


Nova Scotia. 


Madoc. ! St. Maurice Forges. 
Marmora. | L'Islet 
Furnace Falls or \ Batiscan. 

Lyndhurst. Riviere anx Vaches. 
Normandale. Baj St. Paul (2). 
Hull. 


Woodstock. 


Albion Mines. 
Londonderry. 
Glementsport. 
Nictaux (2) 



















Pbovincb 07 Ontario. 

Madoc. — The Madoc furnace was built in 1837, but was in blast only 
a short time when it was abandoned, one of the proprietors having been 
killed in the mine, and the other not having sufficient means to carry on 
the operations. The ore smelted was from the Seymour ore-bed in the 
eleventh lot of the fifth range of Madoc, and is said to have produced iroa 
Wood as fuel, of very superior quality. For a short time wood was employed as fuel. 

Marmora, — The Marmora furnace is still standing, though in a dilapi- 
dated condition. It was erected before the one at Madoc. Several attempts 
have been made by different companies to smelt the ore of the big ore bed 
in it, but have been failures, owing, apparently, to distance from a port of 
shipment, inattention to the proper sorting of the ore and the nature of 
the requii'^d flux, and also to want of capital.* 

Furnace Falls or Lyndhurst. — A blast furnace was erected here many 

years ago to smelt the red hematite occurring in the Potsdam rocks of the 

Township of Bastard, but the supply of ore was found to be inadequate, 
and the furnace was soou abandoned. Its ruins are still visible. 

Normandale. — Many years ago a blast furnace was b«ilt here (n^2s 

Lake Erie, 11 miles from Simcoe) to smelt the bog-<»re of the township 



Cauies of 
fUlure. 



* For fuller information concerning the Marmora and Madoc furnaces see " Report on 
Hastings " by Mr. Macfarlane, in Geol. of Can., 1866. 
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of Chariot teville. No information has been obtained concerning it, 
beyond what is stated in the Geology of Canada, 1863, page 683 ; but it 
has probably been abandoned. 

Provincs or Quebec. 

St. Maurice Forges. — The St. Maurice furnace is situated near the River 
St. Maurice, eight miles distant from Three Rivers. It was built as early as 
1787, and is interesting as a monument to the enterprise of the early set- ajriy enter- 
tiers of the region, and from the fact that it is still in blast. The present 
proprietors are the Messrs. MacDougall of Three Rivers. 

The internal dimensions of this furnace are, 

Height 30 feet. 

Diameter at hearth 2J " 

" " boshes 7 " 

" " throat 3J " 

There are two twyers, and the blast which is produced by water power 
is cold and has a pressure of about a pound to the square inch. At the 
time of my visit in October last the charge consisted of, 

Bog ore 600 lbs. 

Limestone 45 " 

Charcoal 16 bushels (French).* 

About 45 charges were made in the 24 hours, and the furnace tapped 
at intervals of from 12 to 18 hours. The daily production averaged 4 
tons, of which 10 per cent, was white and 10 per cent, mottled iron. The 
charcoal is made chiefly from sofc wood, and is burned both in heaps in 
the woods, and in charring ovens or kilns near the furnace. When char« 
red in heaps 3i cords f of wood are required to make 100 bushels ofyj^jj^j^j^j^y, 
<;harcoal, but only two cords when the charring is performed in ovens. In ^^■*- 
the first case the volume of the charcoal would be only 34.32 per cent, of 
the volume of the wood, an unusually small yield, although the wood 
employed is of very inferior quality. The yield in the ovens equals 60.1 per 
-cent, of the volume of the wood, an amount only a little below the average 
obtained in Sweden. The average weight of the charcoal is 11 to 12 lbs. 
to the bushel, and that prepared in heaps is considered better than that 
produced in ovens. About 180 bushels are required to make a ton of 
iron. The average cost is 6 cents per bushel. 

The ovens are built of ordinary red brick, and the dimensions of one of charring ovena. 
the largest are. 

Length 50 feet. 

Width 14 " 

Height to top of arch 19 " 

Thickness of walls : li " 

• The minot=2250 cub. in. 

+ The cord generally employed in the Proyince of Quebec contains only 108.375 c ib. ft* 
The wood is cut three feet in length, and the piles are 8 fc. long and 4i ft. high. 



248 GEOLOGICAL 8URVBT OF CANADA. 

The ore smelted is entirely the bog ore of the region, and has now to be 
drawn for distances of from 4-9 miles, the supply in the unmediate yieinity 
of the furnace having been to a great extent exhausted. In the fiimaee 

Yield of ores, it yields from 33 to 35 per cent, of iron. The cost of the ore deliyered 
at the furnace is about $2.50 per ton, or sometimes higher. The lime- 
stone (Trenton) has also to be carried several miles, and at the furnace 
costs 25 cents a harrique or 93 cents a ton. 

Duration of The fumaco is generally in blast for from 10 to 13 months at a time. 
Nearly ail the iron produced is sent to Montreal and there manufac- 
tured into car wheels, although formerly it was made into castings on the 
spot. The pig was worth about $40.00 per ton in Montreal last summer. 
A small quantity of wrought iron is also made in an old-fashioned heardt- 

Manufacture of ^nery* and used in the manufacture of axes of which 10 dozen are pro. 

*^^ duced daily. These axes are said to have obtained quite a reputation 

among lumbermen, although it is only a short time since their manufacture 
was commenced, and orders are received far exceeding the production. 
The manufacture of cast iron stoves has been discontinued. 

Anaiyiiflofst, An aualysis of a specimen of grey pig iron made at St Maurice, in 

Dr "Huntr^'* ^ 1868, gavo Dr. Hunt the following results : 

Iron .andet. 

Graphite 2.820 

Carbon, combined 1.100 

Sulphur. 025 

Phosphorus 450 

Silica. 860 

Manganese 1.240 

Attempt to Attempts were made a short time since to smelt the magnetic ore of 

ore. ^ ^ Leeds (see pp. 205 & 209.) in the St. Maurice furnace, but were unsuc- 
cessful. The failure, however, was no doubt due to the want of height and 
proper lines of the furnace, and perhaps also to the want of experience 
of the furnace keeper in the treatment of other than bog ores. 

L^ Islet. — ^The Messrs. McDougall are also the proprietors of another 
furnace at L'Islet, about four miles from the one just described. Detidis 
concerning it are unnecessary, as they would differ but slightiy from those 
just given for the St. Maurice furnace. 

Batiscan, — Of the Radnor furnace, at Batiscan, I have received no 
special details. It was in blast during the past summer and iron being 
shipped to Montreal. 

Riviere aux Vaehei. — The St. Francis furnace, near the Riviere aux 

Vaches, in Yamaska county, was completed in April, 1869. Quite recentiy 



* Se2 pagt 235. 



REPORT BT MR. B. J. HARRINGTON. 249 

it has been purchased by the Messrs. McDougall of Three Rivers from DimeMions of 
the St. Francis lUver Mming Company. The internal dimensions are, Airnace. 

Height 30 feet. 

Boshes 7 " 2 in. 

Hearth 6 " by 2 feet 2 in. 

Depth of hearth 1 " Sin. 

There are two twyers placed horizontally, the blast is cold, has a 
pressure of from one to two inches of mercury and is produced by water 
power, the wheel having a diameter of 24 feet. The charge which has chargev 
been found to work best consisted of. 

Bog ore 600 lbs. 

Limestone ^ ba. 

Charcoal 18 " 

The ore has yielded on an average 86 per cent, of iron, of which from ^^^y^ ^^ ^^ 
3 tons 4 cwts. to 4 tons 2 cwts. were produced daily, over 50 per cent, 
consisting of white and mottled iron. The total production from the first 
blowing in, in April, 1869, up to June, 1878, was 5,520 tons of pig. This Total prodnc- 
was sent to Montreal, the port of shipment being Yamaska on the Yamaska 
Biver, 8 miles from the furnace. The cost of hauling to Yamaska was 
$1.50 per ton of pig. The charcoal was made in ovens 50 feet long, 16 
feet wide, and 12 feet high, and intended to hold 75 cords of wood. The 
wood was both hard and soft (about ^ of the former to J of the latter), 
consisting of maple, birch, hemlock, spruce, larch, pine, and balsam. 

A cord of wood, provided it was dry, gave from 50 to 60 bushels of charooai. 
charcoal weighing from 12 to 18 lbs. to the bushel. This would be equal 
to from 60.1 to 72.1 per cent, of the volume of the wood employed. 
According to Mr. Richer, the late manager of the furnace, to whom I am 
indebted for most of these details, the soft wood looses less in volume by 
charring than the hard wood. From about the 20th of May till the 1st Kmnber of 
of December, 25 men were employed in collecting ore ; and from Decem-Ji^yeS."^^" 
ber to March, 80 carters with 60 horses in drawing it to the furnace. 
From the first of December to the first of April, 50 wood-cutters were 
employed in cutting wood, and 6 carters with 6 horses in drawing it to the 
charring ovens. Besides the manager, 7 men were employed in connection 
with the furnace and 7 at the kilns. 

Bay St. Paul, — Two blast furnaces were completed in November last 
by the " Canadian Titanic Iron Company " near Bay St. Paul, for the 
purpose of smelting the titanic iron ore of the region. They have been^^^^fj^^t^^^,^ 
in blast during the winter, but, although good pig iron has been made, its Jj^^ni^^n 
production, as might have been expected, has not been attended with 
profit, on account of the large amount of charcoal consumed. 



men 



ore. 
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The dimensions of the furnaces are, 

Height 40 feet. 

Diameter at hearth 4 " 

« " boshes 14 " 

" « throat 8 " 

Each furnace has three twyers and is closed at the throat by the ordinary 
cup and cone, in order to obtain the waste gases for heating the blast. 
For the production of the latter there are two blowing engines of 30 horse- 
power each. The fuel has been exclusirelj charcoal, made partly firom 
white birch (loss than half), partly from different kinds of soft wood, and 
weighing about 16 lbs. to the bushel of 2,675 cubic inches. The wood is 
charred in kilns, and a cord (^128 cub. feet) produces on an average 
AmouBtof about 50 of the above bushels of charcoal. From 190-*237 bushels of 

•charcoal con- 

samed. charcoal were, under the most favourable circumstances, reqaired to 

make a ton of pig iron, and towards the spring, when the ore and limestone 
had become wet or covered with ice, as much as 400 bushels were 
sometimes necessary. Limestone was employed as a flux, and was 
obtained in the vicinity. The pig iron produced was entirely white. 
Generally speaking only from 4 to 5 tons were made in 24 hours by one 
furnace, but occasionally as much as 6 tons.* 

Analyses of pig The foUowiug are two analyses of the pig iron by Riley : — 



iron. 



I II 

Carbon 3.966 3.976 

Silicium 0.086 0.081 

Sulphur 0.030 0.048 

Phosphorus 0.253 0.258 

Iron 95 245 95.440 

Chromium 0*689 0.436 

Manganese minute traces minute traces 

Titanium ? ? 



100.269 100.239 

The considerable proportion of chromium is a point of interest. 
With regard to the smelting of titanic iron ores, the question is not 
whether they can be smelted, for of this there is no doubt, but whether, 
with the large amount of fuel required, they can be smelted profitably. 
<:hArcoai re- It is Said that in Sweden, where titaniferous ores are smelted, as much as 
Sweden!^ 45 cwt. of charcoal are in some cases required to produce a ton of pig iron, 
this being considerably more than double the amount necessary in smelting 
the magnetic ores. It is needless to say that with such a consumption of 
fuel iron could not be profitably made in this countiy. Though so much 
has been said by Mushet and others about the beneficial effect of 
titanium upon iron, the question appears to be one requiring further 
investigation. 



* For these facts I am indebted to Mr. McColquohar, the manager at Baj St. Paul 
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As these points are especially important in Canada on account of the 
numerous and extensive deposits of titanic ore which occur, I take 
the liberty of quoting from a letter bearing upon them which was kindly 
sent me, at my requestjin February last by Dr. Percy, the highest autho- 
rity on metallurgical subjects. Dr. Percy says, "Experience here (inJJJJjy^^y^'* 
England) has shewn that no advantage is derived from the presence of 
titanium in iron ores. Good iron may be made from such ores, not on 
account, but in spite, of the presence of titanium. The titanium is 
worthless stuff and causes increase of fuel, because it must be made to 
pass into the slag ; and this means loss ofheat?^ 

If titanic iron ore is to be utilized by the ordinary processes of smelting ^^^^ng^fj^ 
it must be by mixing it with other ores, so as sufficiently to reduce the pro- ot^^^ ores, 
portion of titanic acid and the consumption of fuel. So long, however, as 
other ores can be obtained in abundance the demand for the highly titan- 
iferous ores cannot be great. In some cases the addition of titaniferous 
ore to the charge is said to prevent the cutting of the furnace. 

Bull. — Details concerning the Hull furnace were given by Dr. Hunt in 
the Report of Progress for 1866-69, and since 1868 the fiimace has not 
been in blast. Though still standing, it would require a very considerable ' « 

expenditure to put it into proper condition for smelting, as it was much 
injured by the forest fires which devastated the surroundmg country 
several years ago. The dimensions as given by Dr. Hunt are, height 88 Dimensions of 
feet, boshes 10 feet 6 inches, and throat 4 fett 5 inches. At the time of 
Dr. Hunt's visit in August, 1868, no less than 170 bushels of hard-wood 
charcoal, weighing from 22 to 28 pounds to the bushel, were being used \ 

in making a ton of grey pig iron. f 



Provihob of New Brunswick. 

Woodstock. — ^As early as 1848 a blast furnace was erected at Woodstock ^J^^^k far- 
tt smelt the hematites of Jacksontown. It was kept in blast, at intervals^ °*^' % 

until 1862, when it passed into the hands of William E. Smith, Esq., o^ 
Sheffield, England. In 1868 it was again blown in and kept in blast, at in- 
tervals, for several years. The whole time during which the furnace was 
actually in blast was only about eight years. Mr. Smith also erected a smalj 
cupola furnace in 1866, which, however, was only used for about a year. 
The blast fumaoe, which is still standing and said to be in good condition, 
is (according to measurements published by Professor Bailey in 1864) 39 i>'mauioii& 
feet high and 9| feet in diameter at the boshes. When it was running a ^4 

hot blast was most of the time employed, and was produced by steam 
power, the waste gas from the furnace being utilized for generating the steam 
as well as for heating the blast. A red sandstone from Gulquac on the 
Tobique River, Victoria county, is said to have proved an excellent 

R 
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material for hearths. Charcoal, made chieflj from maple, birch, and beech 
■woods, was employed altogether as fuel, the charring being performed in 
brick ovens. Limestone for a flux was obtained from Beccaguimic, seven 
Charge. miles from the furnace. The following are the constituents of the charge, 

as given by Professor Baily in 1861 : 

Ore 1350 lbs. 

LimeBtone 70 " 

Charcoal 20 bu. 

The burden must subsequently have been reduced, as Professor Hmd, 
writing in 1865, states that the charge then consisted of. 

Ore 1180 lbs. 

Limestone 50 ^ 

Charcoal 20 bu. 

According to the latter authority, 3.33 tons of ore and 126 bushels of 
charcoal were required to make a ton of pig iron. The charcoal at that 
time cost seven cents a bushel ; allowing that it weighed 20 lbs to the 
bushel, the quantity by weight required to make a ton of iron was 22^ 
produced'^ **^° cwt. The daily production of pig iron from one furnace was about 6i 
tons« Much has been stud about its fine quality and its suitability for the 
manufacture of armour and boiler plate, as well as for steel. The 
analyses of the ores which have been published, however, indicate such a 
large proportion of phosphoric acid, that the fine quality of the steel, 
at least, seems doubtful. 

The above details are mostly from Professor Bailey's Report on the 
Mines and Minerals of New Brunswick^ published in 1864, and Profes- 
sor Hind's Preliminary Report on \he Q-eohgy of New Brunswick, 
published in 1865 

Proyinoi or Nota Sootia. 

Albion Mines. — ^A furnace was many years ago built near the Albion 
mines in Pictou County, but was in blast only a short time when it was 
abandoned. Some of the ore smelted was from a fossiliferous portion of 
the great Lower Helderberg bed of hematite described on page 217, and is 
Iron naed for ^^^ to havo produccd irou which, on account of the phosphorus, no doubt, 
Btamp-heada. ^^ << exceedingly hard." Some of this iron has since been manufactured 
into stamp-heads which were found to wear longer than those made from 
any other knd of iron. 

Londonderry. — The only blast furnace in Nova Scotia which has pro- 
duced much iron is the one at Londonderry, which was completed in 1853, 
and has, at short . intervals, been in blast ever since. During the three 
Catalan lorge years ptevious to 1853 a small quantity of iron had been made in a 
atLonUondcrry^j^^lj^j^ forge, which was abandoned on the completion of the blast 
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furnace. The latter is 35 feet high, 9 feet in diameter at the boshes, Desorfption of 
and 4i feet at the throat. The stack is built of fire-brick and cased withfumace! ^^ 
iron. The hearth is lined with a mixture of fire-clay and pounded quartz 
(1 part of the former to 2 of the latter), the mixture being pounded in 
behind an iron cylinder which is afterwards removed. This lining is found 
to be very durable. The blast is cold and produced by water-power, the 
wheel, which is an overshot one, being 20 feet in diameter and 5 feet 
wide. At the time of my visit in September, 1873, the charge consisted ^^*'«®* 
of, 

Ore (Limonite) 550 lbs. 

Flux (Ankerite) 90 " 

Clwrcoal 19 bu. • 

» 

The number of charges in 24 hours was 59 or 60. For the 9 days pre- 
vious to the 11th of September the production of pig-iron was 70.75 tons, Prodaction of 
or 7.86 tons a day, an amount slightly above the average. The following 
figures were kindly given me by Mr. Romans, manager of the works, and 
represent the amounts of ore, fuel, and flux employed in the month of au?u™i878. 
August, 1873, and the corresponding production of pig iron : 

Ore (Limonite) 421 tons 6 cwt 1 qr. (421.3125 tons). 

Flux (Ankerite) 68 "15 « 2 « 24 lbs. (68.775 tons). 

Gharcoftl 32,471 bushels. 

Pig irorfproduced 221 tons or 7.13 tons per day. 

The monthly production is often higher than this, but these figures were 
chosen as being a fair average. If the ankerite is not taken into consider- 
ation, the yield of the ore in the furnace, as calculated from the above ^^'*°'^®°"* 
figures, is 52.45 per cent. Allowing, however, that the ankerite gives 
about 10 per cent, of iron, the yield of the ore is reduced to 50.81 per 
cent., or, in round numbers, 2 tons of ore are required to make a ton of 
pig iron. The charcoal is made from maple, birch, and beech, and accord- charcoAi. 
ing to Mr. Romans the bushel weighs about 20 lbs. The amount required 
to make a ton of pig iron in August, 1873, was 146.93 bushels, or about 
26i cwt. Occasionally, however, it has been as low as 185 bushels, and 
many years ago as much as 160 busheU are said to have been required. 
It is burned in heaps by the farmers in the vicinity, and costs, delivered 
at the furnace, 7^ cents a bushel.* 

On page 247 it was stated that at the St. Maurice iron works as much 
as 180 bushels of charcoal are required to make a ton of iron from the 
bog ores ; but there the charcoal is of very inferior quality, weighing only 
11 or 12 lbs. per bushel of 2,250 cubic inches ; and if a comparison by 



* The bushel I suppose to be the Imperial bushel of 2218.192 cubic inches, or the same aa 
was in use, according to How, in 1861. 
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Dnntion of 



weight be made, it will be found that while over 26 cwt. are required at 

Londonderry only 18^ are used at St. Maurice. 
The Londonderry furnace is in blast only six or seven months at a time. 

It is run by night and day shifts, and tapped about once evexy six hours. 
pnm.«^«nen. During the day six fumace-men are required, besides a blacksmith, 

during the night only four. They are paid by the ton of iron produced, 

getting frdm 20 to 25 cents. 
Cost of iron. rj^^ qqq^ ^f production of a ton of pig iron may be estimated as follows : 

2 tons of ore fdb $2.50 $5.00 

i ton of ankorite tdt $1.10 36 

147 bushels of charcoal f9 7} cents 11.02 

Labour and manager's salary 2.80 

General expenses 1.50 



$20.68 



Forge. 



The 81.50 for general expenses is my own estimate, but is probably a 
fair one. 

Close to the blast furnace there is a forge where a considerable quantity 
of wrought iron has been produced. The building is 180 feet long and 
60 feet in width, and contains five puddling furnaces and one reheating 
^*jj^f^*'®^ furnace, a 25-cwt. steam hammer, rolls, and other appliances. The casting 
house and steel works are situated about a quarter of a mile from the 
furnace, and are large and commidious buikUngs. The casting house 
contains two furnaces with the necessary accessories for the manufacture 
of castings, which have been chiefly car wheels. The building containing 
the steel works is 250 feet long and 40 wide, and contains a smelting 
furnace, a converting furnace, three reheating furnaces, two steam ham- 
mers and other appliances. 

Since the completion of the blast furnace in 1853 over 30,000 tons of 
pig iron have been produced, and, according to Professor How, the pro- 
duction of pig iron from 1862 to 1867 was as follows :* 



Prodaction of 
iron since 1868. 



Pig iron. 

1862 1150 tons 

1863 y 1251 " 

1864 1663 " 

1865 1784 *< 

1866 2124 " 

1867 2068 " 



Bar iron. 

945 tons. 

911 " 
1198 " 
1633 " 
1093 " 

421 « 



Quaiitj of iron. The quality of the iron is known to be excellent, and Fairbaim says if 
^' Several specimens of iron from these mines have been submitted to 
direct experiment, and the results prove its high powers of resistance to 



* Mineralogy of Nova Scotia, 1868| p. 89. 
t Iron manufacture, 3d. Ed., p. 35. 
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fitrain, ductility, and adaptation to all those processes by which the finest 
descriptions of iron and steel are manufactured." 

The following analyses of Acadia pig-iron by Tookey were published AmayBee by 
by Dr. Percy in 1864 : * 

Carbon 3.50 3.27 

Silicon 0.84 0.67 

Sulphur 0.02 0.01 

Phosphorus 0.19 0.28 

Manganese 0.44 0.37 

Iron 94.85 95.70 



99.84 100.30 

The manganese contained a sensible amount of cobalt. 

Clementsport — At Glementsport, in Annapolis county, a blast furnace 
ivas erected as early as 1881, to smelt the magnetic ores (Devonian) of 
the vicinity. For the past thirty years, however, it has only now and then 
been in blast, and but for a few months at a time. Part of the ore smelted 
recently is from the ^^ Potter mine," about two and a half miles from Gle- 
mentsport. Both the furnace and the mine are owned by Dr. E. C. Drew^P^*J^^ 
and 0. Underwood, Esq., of Boston, but were leased to the "Annapolis Iron ^^' 
Company," Glementsport, in August, for $1.50 Ibr every ton of pig iron 
produced. The furnace was blown in in December last, and kept in blast 
for two months, during which time about 200 tons of pig iron were made. 
The mine and furnace are under the management of Col. David Lamed, to 
whom I am indebted for the following details : 

The furnace is built of stone, and is 85 feet high, 4 feet in diameter at peeoripuon of 
the hearth, 9^ feet at the boshes, and 7 feet at the throat. There are 
three twyers, and the blast, which is hot and has an average pressure of from 
If to 2 lbs. to the square inch, is produced by water power, the wheel — a 
breast-wheel — being 80 feet in diameter. The blowing cylinders, three in 
number, are of cast iron, 4 feet in diameter and 5 feet stroke of piston. 
The blast is heated by burning the waste gases from the furnace in a hot 
blast oven containing 17 siphon pipes through which the air is made to 
pass. The oven is on a level with the top of the furnace, and is built of 
brick and bound with iron. 

The ore from the Potter mine is locally known as "grey magnetic." In ore, flux, and 
the furnace it yields as high as 45 per cent, of pig iron. When used 
alone, it produces white iron of poor quality, but when mixed with an 
equal weight of Bloomfield bog ore, the quality is improved. The latter 
ore does not yield over 26 per cent,, of metal. The limestone employed 
as flux is brought from St. John, New Brunswick. The fuel is entirely 
charcoal, and is made principally from white birch. About ISO bushels 

• Percy's Metallurgy, p. 540. 
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(Winchester) are required to make a ton of grej pig iron from the mix- 
Charge. ture of equal weights of magnetic and bog ore. The charge consists oi 

from 750 to 800 lbs. of ore, 120 lbs. of limestone, or sometimes less, and 16 
bushels of charcoal. The number of charges in 24 hours, when the fur- 
nace is working well, varies from 40 to 52. 
The Potter The Pottcr mine, alluded to aboTe^^^was first opened as early as 1824. 

It is simplj an open cutting or trench on a bed of ore said to be about 80 
inches thick. The trench is about a quarter of a mile long, and 16 feet 
wide, the greatest depth being 80 feet. 

Nidtaux. — Two furnaces were manj years ago (one of them in 1856) 
built at Nictaux, 37 miles from Clementsport, to smelt the fossiUferous he- 
matite of Nictaux River. They did not, however, remain long in blast, and 
the iron produced is said to have been of poor quality, no doubt on account 
of the phosphorus in the ores. According to Mr. Romans, of Londonderry, 
DimensionB of ouc of thcsc fumacos was 85 feet high, 9 feet in diameter at the boshes, 
naces. and 4^ feet at the throat. The other was 38 feet high and 9 feet in dia- 

meter at the boshes. They are now in ruins, having been partiy torn down 
by the people in the neighbourhood in order to obtain the bricks. 

Manufacture of Steel at Quebec — In the month of June last, I 
had an opportunity of ^ting the steel works erected at Quebec for the 
purpose of manufacturing steel directly from the purified iron sands of the 
gulf. Since the death of Mr. Labreche Yiger the works have passed 
into the hands of a new company, the pre»dent of which is Mr. Chinic, 
hardware merchant, of Quebec. The enterprise, so far as £ could learn, 
has not been successful, and at the time of my visit nothing whatever was 
being done. 

The furnace is a well constructed Siemens regenerating furnace, with 
five gas producers, and except in the construction of the hearth, which is 
perfectly flat, and in one or two other minor details, resembles the one 
employed by the Messrs. Cooper &; Hewitt at Trenton New Jersey, in the 
manufacture of steel according to the Siemens-Martin process, 
prooefsofmak- In making steel,'the sand, which had been purified by Dr. La Rue's 
iron Bands. magnetic machine, was mixed with tar and charcoal powder in a box con- 
taining revolving knives or beaters, and the mixture then pressed into 
square blocks by means of a powerful hydraulic press. The blocks were 
then piled upon the furnace hearth and melted down to steel, which was* 
finally tapped off* into ingot moulds containing about 200 lbs. 

The cause of failure I was not told, but difficulty was probably expe- 
rienced in obtaining a regular and homogeneous product. In the event of 

* binoe writing the abore I have seen Mr. ChiniC| who states that farther and rather 

. more sQcoessfal experiments have lately been made with the fnmacei and ten or twelve tons 

of steel prodnced. A good deal of difficulty was experienced in pouring, and the ingots 

were frequently honey^eomhtd, and after forging were liable to contain flaws. Not more 

than 500 lbs. of steel were produced at a melting, which required six hours. 
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this process being abandoned, the furnace could, readily be adapted to the 
manufacture of steel according to the Siemens-Martin process. 

General B&marks. — From what has been said it is evident that 
exceedingly little has been, or is being, done in the way of iron smelting in 
Canada ; nor is there any prospect of an immediate increase in this impor- 
tant mdustry, except in the Province of Nova Scotia. This is due to a 
variety of causes, and among them, in some instances, to scarcity of fuel,Drawback0. 
in others to diflSculty and cost of transportation, or to cost of labour. Not- 
lirithstanding such drawbacks, however, there seems little doubt that, with 
proper management, iron might be profitably made in many localities.* 

The owners of iron mines, instead of smelting their ores on the spot, are o^"^* ^* 
more and more turning their attention to shipping them to the United 
States, as this has been found, in most instances, to yield a fair profit. 
During the past year they were worth from $S.OO to $9.00 a ton in 
Cleveland.! According to official returns published by the Customs 
Department at Ottawa, 15,232 tons of iron ore were shipped from the 
Dominion during the fiscal year ending June 30th, 1870. From that date 
to June 30th, 1871, the amount was 26,825 tons, or 11,593 tons more 
than in the preceding year. The next year there was a slight falling off, 
the amount shipped being 26,175 tons ; but in the year ending June 30th, 
1873, there was a large increase, no less than 47,200 tons having been 
shipped. In addition to this exportation of 47,200 tons, an amount which 
may be estimated at about 12,000 tons was raised, but not shipped, part of ' 

it being smelted in the country. The total production of iron ore in the year 
ending June 30th, 1873, was, therefore, in round numbers, about 60,000 
tons, — a quantity exceedingly small, though far ahead of previouEl years. 
Nearly the whole of the ore shipped has been from four or five 
mines. 

The production of the Blairton mine, Belmont, is now greater than that BUirton mine, 
of any other in the country, and in the last fiscal year is said to have 
amounted to nearly 30,000 tons. In July last it was being shipped to 
Pittsburg at the rate of from 300 to 400 tons a day. 

The annual production of the Yankee and Chafiey mines together, for rankee and ^ 
several years, has been between 7,000 and 8,000 tons. Were the demand ^^^'^ "^^ 



* It is possible that peat, or the charcoal made from it, might in some cases be adyan- 
tageoosly employed in the manufacture of iron in Canada. Peat charcoal is largely em- 
ployed in some parts of Europe, and, it is said, with satisfactory results. It is, however, 
generally yery friable, and therefore unfit for distant transportation, or to resist the pres- 
sure in a blast furnace. It is also liable to contain a very large proportion of ashes, the 
whole amount in the peat being concentrated in the charcoal. Thus, if we suppose a peat 
to contain 10 per cent, of ashes and to yield 30 per cent, of charcoal or coke, the latter 
will contain no less than 33 J per cent of ashes. 

t The duty upon iron ores going into the United States is at present 20 per cent, ad valo^ 
rem, and upon pig iron $6.30 (gold) per ton of 2,000 lbs. 
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for titaniferous ores greater, the prodaction of these two mines could 
readily be increased. 

Dftiiioiuiexiiiiie. ^^^^ *^® Cowan, or Dalhoosie mine, from 3,000 to 4,000 tons have 
been annually raised and shipped for several years. Owing, it is sud, to 
the dullness of the market, work has recently been stopped at this mine, 
although the ore is one of the finest in the country. 

Hniimiiief. The production of the Hull mines for the year ending June, 1873, was 

about 15,000 tons, which has since been shipped. No more ore has been 
mined here since the above date, and it is stated that there is a prospect 
of the mines passing into the h^nds of an English company. According 
to a gentleman in Cleveland who is well acquainted with Canadian ores, 
that from Hull yields from 60 to 62 p. c. of iron in the furnace, and is 
valuable for mixing with Lake Superior ores. 

utycock mine Sincc the opening of the Haycock mine in the winter of 1872-73 about 
5,000 tons of ore have been raised, but none shipped, the intention being 
to erect furnaces near the Gatineau River for smelting it. The point 
chosen for this purpose is 64 miles from the mines, with which it is con- 
nected by a well built 3-feet-gauge tramway. At the mines there is a 
20-hor8e-power steam sawmill, a boarding house, manager's house, store- 
house, and blacksmith's shop. 

BrMtoi mine. ^^® Bristol mine (see pages 196 and 208) is owned by Messrs. 
Taylor and Bums of Pittsburg, U.S. It was first opened in January, 
1878, and work continued with 8 or 9 men until September. The ore 
raised during that time amounts to about 4,000 tons, and still lies at the 
mine awaiting shipment. At the time of my visit in July, the largest 
opening which had been made was 35 feet long, 24 feet wide, and about 
20 feet deep, and from it about 1,500 tons (estimated) of ore had been 
extracted. 

At the Foumier mine in South Sherbrooke, several hundred tons of very 

' fine ore were taken out during the winter of 1872-78, and work has since 

been continued, although the prospects did not appear promi^g in July 

last. The ore (magnetite) occurs in thin irregular veins or beds, and is 

associated chiefly with hornblende and white or green feldspar. 

Mi Bed. '^^ ^^ Howse, Chaffey (18 Island Lake), and Christie's Lake mines in 

ford township. Bedford, the Seymour ore bed in Madoc, and a number of other localities 
in Ontario, a small amount of work has been done during the past year, 
more especially for the purpose of determining the extent of the deposits 

GrenviUe. of Ore ; and from lot three, range five, of GrenvilIe,Quebec, several hundred 
tons of ore are said to have been extracted and shipped to Cleveland, 
Ohio, for trial. 

AMdia mines ^^ Nova Scotia, the Acadia mines have since 1889 produced between 
60,000 and 70,000 tons of ore, which has been smelted at Londonderry. 
The mines and works have recently passed into the hands of a new com- 
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pany with a capital of £500,000 sterling, and operations will no doubt be 
carried on on a larger scale and more systematically than heretofore. 
The company is entitled the " Steel Company of Canada (Limited)," and 
the following are the names of the Directors. 

C. W. Siemens, Esq., D.C.L., F.R.S., C.E., London Chairman. 
Charles Tennant, Esq., St. RoUox, Glasgow. Archibald S. Schaw, Esq., 
Glasgow. William Tennant, Esq., 9 Mincing Lane, London. Edward 
Budd, Esq., Copper Office, Bond Court, London. Graham Menzies, Esq., 
London. Archibald Orr Ewing, Esq., M.P. Glasgow. George Stephen, 
Esq., Montreal. Donald Mclnnes, Esq., Hamilton, Ontario. 

According to the prospectus, the Company has acquired no less than 
" 33,000 acres, or 51 square miles of freehold land, together with the 
mines thereunder, and the work and buildings thereon, and including a 
pre-emptive right at 40 .cents an acre to about 15,000 acres of adjoining 
land, and a working license at a royalty of 10 cents per ton of coal over one 
square mile of area No. 42 in the Spring Hill Coal Field." The Company has 
also " acquired from Dr. Siemens, at a cost of £8,000, the right to use free 
of royalty, his patent processes for the production of iron and steel and 
their subsequent working into merchantable form." 

Considering the extent of the ore deposits, the facility with which both 
charcoal and mineral coal may be obtained, the proximity of the Interco- 
lonial Railway, and of a shipping port on the Bay of Fundy. there is every 
reason to believe that, with proper management, this enterprise will be 
attended with success. 

It is to be hoped also that something will soon be done towards devel- putou coant7, 
oping the valuable deposits of iron ore in Pictou County. Here the ores 
are abundant and of varied character, they are near to the Pictou coal- 
field, whence coal suitable for the manufacture of coke could be obtained 
from a number of mines now in active operation. Limestone suitable for a 
flux occurs abundantly in the valley of the East Eiver, the Provincial 
Railway passes through the coal-fields and within a few miles of the ore 
deposits, and the harbour of Pictou affords an excellent port of shipment 
during six months of the year. 



NOTES ON THE CRETACEOUS FOSSILS 

COLUCriD IT 

MR. JAMES RICHARDSON 

AT VANCOnVBR AND THE ADJACBNT ISLAXS8. 

BY J. F. WHITEAVES, F.G.S. 
To A. R. C. Selwyn, Esq., F.R.S., F.G.S., 



DSAR Sir, — In compliaDce vitb your request to that effect, I hare 
o^camiaed with some care the specimens collected hy Mr. Kchardsou l&st 
Bummer, and beg to submit the following provisional report upon them. 
Your obedient serrant, 

J. F. THITEA^'ES 

The present collection, though not so large as that made b; Mr. Richard- 
son from the same region in 1871, is nevertheless highl; interesting. 
Wit^ very few exceptions, the fossils are in a bad state of preservation. 
They belong entirely to the mollusca proper, and the brachiopoda are 
altogether unrepresented. The bivalves are usually mere casts, and even 
when the shell is preserved, the characters of the hinge and of the interior 
cannot be ascertained. Most of the gaateropods are very imperfect at the 
aperture, and the few cephalopods are, for the most part, mere fiagments. 
No better clue to the specific and even generic affinities of these fossils is 
generally attainable than such as their general appearance, surface mark- 
ings, and relative thickness of test, will supply. 

Mr. Richardson informs me that they were collected from two sones. 
those from the first six localities bemg from his* " Productive Coal Mea- 
sures, or Division A," while the remainder, those from Gabriola Island, 
are from his " Lower Shale, or Division B." A few of the fossiU 
from the last mentioned locaUty appear to have been " loose specimens." 
while others were obtained in litu, but in the absence of Mr. R. It is not 
possible to separate these. 



• Report of ProgTCM for 1872-73, page 35. 
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F0S8ILS FROM THE PRODUCTIYB COAL MEASURES, OR DIVISION A. 

Locality No» 1* From North West Bay, Vancouver Island. 

(Cephalopoda.) 

Ammonites^ 9pt€ie% A. — A large somewhat flattened shell withirojaHifr^mya. 
rounded backhand plam wide ribs, which are often alternately simple '*®"^**^**®'' 
and bifarcate. A single largeTspecimen about 7 inches in diameter, verj 
imperfect below, but less so above, and with some of the interior layers of 
the test preserved. 

Ammonite$y ipecies B, — ^Allied to the preceding, of which it may be 
a variety, but with a more ventricose shell, and with somewhat different 
sculpture. In this form some of the costae are continued across the last * 
whorl almost to the sutures, while an alternate and shorter series occupy 
their interstices. Occauonally, however, the main costse bifurcate as in 
the preceding species. Also a large species, measuring about 6 inches 
across. 

Ammoniteij species 0. — ^Fragments only of a much flatter shell than 
either of the preceding, with the ribs closer together and not so prominent. 

Note. — From this locality there appear to be three species of Ammo- 
nite, of which two are tolerably well preserved. The material, however, 
is insufficient to enable one to form a very precise notion of their specific 
relations, as there are only two moderately complete examples and six 
fragments in the collection. 

Nautilus^ sp. — One portion of a cast of a large species, shewing the 
central siphuncle. Also a cast of a single chamber, possibly of the same 
kind, but with the siphuncle subcentral. 

(Gasteropoda.) 

Cast of a small spiral univalve, apparently with three whorls ; genus not 
recognisable. 

(LameUihrancUata.) 

InoceramuSy sp. — Shell tuberculated and with V-shaped raised sculp- 
ture. Abundant, but not perfect enough for critical comparison with 
nearly related forms. Judging from larger fragments, most of the speci- 
mens are very young shells. 

CucullcBa^ sp. — ^A large shell, with prominent umbones, and a thick test 
ornamented with fine radiating ribs. Probably^new, but too fragmentary 
for accurate description. It may belong to Conrad's sub-genus Trigono- 
area. 

Axinaa Veatehii^ Gaib* var. — Several specimens. 
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Trigonia, apecia A. — A narrow, much cuTTed, very convex and 
etroDgly ribbed ahell, tho ribs subnodulous. Perhaps ao extreme varie^of 
Trigonift Eransana, Meek. 

Triffonia, aptciet B. — A large, subquadrate, depressed form, with d» 
tant, rounded tubercles. 

Attarte earditmidei, nov. Bp. — Two examples of a shell, appuentl; 
new to science, and for which the above name ia proposed, occur among 
the specimens from this locality. Descriptions with figures of this and of 
other species which appear to be new, will be found at the end of this 
report. 

Aitarte VancoitvereTttU, nov. gp. — Occurs sparingly with the above. 

Besides these there are burrows of a Teredo-Itke eheU, in fossil wood. 
and casts of another species of bivalve. 

Locality M. 2. Coaet a little W. of N. W. Bay, Vancouver IsUaid. 

AxintEo Veatckiiy Qabb. — The only species. 

Locality No. 3, Nanaimo River, Vancouver Island, 10 miles vp. 

(^Cephalopoda.) 

AmmoniCea, — Fragment of a small, smooth species, with a sharp and 
unserrated keel. 

(Gasteropoda.} 
None, 

(Lameltibranchiata.) 

Inoceramua, tp. — A concentrically grooved shell, but very imperfect. 
Three examples. 

Lucina Iti<^ardionii, nov. *p.— One well preserved individual. 

Locality No. A. Nanaimo River, Vancouver Island, 2^ and 2^ miiet vp. 

(Cephalopoda.) 

None. 

, (Oasteropoda.) 

Sycodea (f) cypraoicUtf 0-abb. — A nngle imperfect spedmen of a 
shell, from this locality, is doubtfully referred to this species, l^e much 
better examples, from Protection Island, have exactly the shape and 
snr&ce markings of S. cyprseoides, but there are indications of plaits 
on the columella in the shells brought home by Mr. Biohardson. 

Aetceonina (?) tp. — Very imperfect but with much tho shape (rf A. 
pnpoides, Gabb. 
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Cinulia inflcUa (?) Gabb. — A few specimens. 

Naticay 9p. — Only a fragment, shewing, however, the characters of 
nearly the whole of the body whorl. Umbilicus none ; shell with a strong 
keel running from the bottom of the aperture round the base of the 
whorls. As the upper part of the volutions appears to be angulated also, 
the shell should probably be referred to the sub-genus Euspira. 

Faaeiolaria f nodulo$a, nov. sp. — Two individuals, but not very perfect 
examples. 

Aporrhais, ip. — One specimen, in very bad condition, and quite unre- 
cognisable. It seems to have one central digitation, and in thab respect 
resembles A. angulata, Gabb. 

• There are also two or three other species of Gasteropoda, but these 
are too imperfect for even the generic name to be ascertained. In one 
only a portion of the pillar is visible, but that has strong folds, as in the 
Yolutidse, or Fasciolariadse. 

(Lamellibranchiata,) 

InoceramuSj — ^Two species. 

Axincea ? — Resembles A. Veatchii, Gabb.,in outline and thickness 

of test, but has much finer ribs. 

Mactraj sp. — Several. The outline of this shell is very like that of 
Mactra Warrenana, Meek and Hayden, and it closely resembles also the 
Mactra albaria of Conrad. 

I/udnaf sp, — (Cast.) 

Anatina f sp. — (Do.) 

Pholadomyaj sp, — A bad, distorted cast. 

Nucula^ sp, — (Cast.) 

Locality No. 5. From Protection Island. 

(Cephalopoda.) 
None. 

(Gasteropoda.) 

St/codes (?) cyproBoides (?) Gabb. — Three specimens. See the pre- 
vious remarks on this species. 

OinuMa obliqua f Gabb, — Badly preserved. 

Gyrodes expansa f Gabb. — One or two specimens, which are doubtfully 
referred to this form. 

Faseiolaria nodulosaj nov. sp. — A single badly preserved example. 

Also three unrecognisable species, in a fragmentary condition. 
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(Lamellibranchiata») 

InoceramuSj sp. — With flattened, distant, concentric ribs, somewhat as 
in !• Whitncyi, Gabb. 

Dosiniaj perhaps 2). tenuis, Meek.-^K. single individual, of which a 
figure is given. 

Mactra (?) ap. — A species with strong concentric ribs, perhaps an 
extreme form of Cymbophora Ashbumerii, Gabb. The only specimen is 
very different from any of the other Mactridae in the collection. 

Two or three other forms, of which the genera cannot be ascertained. 

Locality No. 6. Below Dodd Narrows. 
(Cephalopoda.) 

BaculiteSj sp. — Fragments only. 
Ammonites, sp. — Portion of a single chamber. 

(^Gasteropoda.) 

None. 

(Lamellibranchiata.) 

Conchocele cretacea, nov. sp. — A few specimens, tolerably well pre- 
served. The most abundant shell from this locality. 

Also a few unrecognisable fragments, one evidently of a species of Ino- 
ceramus. 

FOSSILS FROM THE LOWER SHALE, OR DIVISION B. 

From Gabriola Island. (The only locality examined.) 

(Cephalopoda.) 
None. 

(Gasteropoda.) 

Natica, sp. — A solitary example of an imperforate, but not angulated 
shell, of which only the body whorl is present. 

Oinulia, sp., perhaps C. ohliqua, Oabb. — A single cast. 
Also a small imperfect spiral species, of which the genus is not recog- 
nisable. 

(Lamellibranchiata.) 

Nucula (^Acila) truncata, Q-abb. — One good example of this interesting 
shell is among the Gabriola Island fossils. Several specimens of the same 
species were collected by Mr. Richardson, in 1872, from the W. side of 
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Hornby Island in beds which he refers to his " Middle Shale, or Division 
D." 

Axinceaj sp.—One very imperfect shell, obviously belonging to this 
genus, but different from the two other species previously catalogued 
from other localities. 

Mactraytp.—ToBsMj the same as those from Division A.,Locality No. 4. 

Tellina Meekiana, nov. «p. — A single well preserved example. 

Anatina Tryoniana t G-ahb. — The only specimen is too imperfect to 
enable a confident opinion to be formed as to the accuracy of this deter- 
mination. 

Pholadomyay sp. — Near P. Breweri. 

As was stated at the commencement of this report, with the exception Remarks on 
of the fossil plants, which have been described by Principal Dawson on ai^IgfSjfdepo- 
previous occasion, Mr. Richardson's 1873 collection consists exclusively of *"• 
shells. Of these, Baculites among the Gephalopods, Cinulia among the 
Gasteropods, and Inoceramus among the Lamellibranchiate bivalves, are 
each strikingly characteristic Cretaceous genera. 

On the other hand, in a small collection made by Mr. Richardson at 
Quatsino Sound, Vancouver Island, in 1871, there occur two species, at 
least, which have been regarded as Tertiary fossils. Mr. P. B. Meek, to 
whom some of these fossils were sent, refers one to the Conchocele dis- 
juncta of Gabb, a Miocene species of California, and another to the Dolium 
petrosum of Conrad, which occurs also in the Eocene and Miocene deposits 
of Oregon. From this locality there are five species, all of which arc 
badly preserved casts. One of these is a Natica, and the rest are 
spiral gasteropods whose generic positions are very uncertain. 

In Mr. Richardson's 1878 collection the fossils are altogether Creta. 
ceous. The Conchocele, for which a new specific name is proposed, is 
associated with fragments of Baculites and Ammonites ; and the Nucula 
truncata, although belonging to the same sub-genus (Acila of H. and A. 
Adams) as the Tertiary Nucula Conradi of Meek, is not only very distinct 
from it, but is still more closely allied to the N. bivirgata of Fitton a 
fossil characteristic of the Gault of Europe. 

The coal-bearing rocks of Vancouver and the adjacent islands, with 
their associated shales, &c., have been referred to the ^^ Chico group " of 
American geologists, a formation which is considered to be synchronous with 
the Upper Cretaceous of Europe, as recently defined. There is little room 
to doubt that these views are essentially correct. The lithological char, 
acters of the Upper Cretaceous strata of the Pacific Coast and of those of 
Europe are widely different, and it is reasonable to suppose that the phy- 
sical conditions under which they were respectively accumulated were as 
diverse. In the Cretaceous rocks of Vancouver or California it b difficult 
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to find exact parallels for the five divisions which are usually characteris- 
tic of the Upper Chalk Formation of Europe. 

In the Vancouver region it is. not unlikely that the beds referred by 
Mr. Richardson to his "divison A." may form' the base of the Chico 
group. The specific relations of the larger portion of the most character- 
istic fossils in the present collection have not yet been ascertained with 
sufficient certainty to throw any light on this point. So far, not even a 
single species from the Vancouver region can be proved to be actually 
conspecific with an European fossil. Several shells, however, are common 
to the Chico group of California and to that of Vancouver and the adjacent 
islands. The series from the " Lower Shales " of Gabriola Island is too 
small and the individuals too imperfect to afford much help in the elucida- 
tion of the relations existing between the deposits above and below them. 
Cinulia obliqua of Gabb ranges from Mr. Richardson's Division A. up to 
his Division D., and Nucula truncata, Gabb, occurs both in the ^^ Lower 
Shales " of Gabriola Island and in the ** Middle Shales " of Hornby 
Island. 

DESCRIPTIONS OP NEW SPECIES. 

cbaracters of The following descriptions are, to a certain extent, provisional. As, in 
certain cases, the essential charaters of the genera cannot be definitely 
ascertained, owing to the unfavorable state of preservation of the fossils, 
some of the names may have to be modified or changed. At the same 
time as the species appear to be new, it has been thought better to des- 
cribe and figure them, in the hope that better specimens may soon be 
obtained, which will enable more accurate and complete descriptions to be 
given. 

Imqina JRichardsonii^ nov. «p. — Shell obliquely semi-orbicular, some- 
what inflated, very inequilateral, nearly smooth, with faint concentric 
striations. Umbones prominent, nearly marginal, dorsal slope almost 
straight, and making a rounded angle with the posterior part of the shell, 
which is slightly subquadrate. Anterior portion of the test, beneath the 
beaks, obliquely rounded off towards the ventral margin and almost trun- 
cate. 

The outline is somewhat like that of Loripes dubia, Gabb., but our shell 
is destitute of the concentric ribs of that species, its umbones are* nearlj 
terminal, and the test is much shorter anteriorly. 

Locality. — Nanaimo River, Vancouver Island, ten miles up. 

Collector^ — Mr. James Richardson, to whom the species is dedicated. 

Conchoeele cretaceUj nov. sp. — Shell elliptical, somewhat quadrangular^ 
inflated, beaks terminal, anterior: front endshallowly concave, making an 
acute angle with the ventral margin ; base broadly rounded ; posterior 
extremity slightly convex, forming an angle at its junction with the dorsal 



None. BT MB. J. 7. WKCTBIYBS, 267 

margm. Two kaeb .extendi on eaoh iFolfe^ from ibe beaks to the posterior 
endy each of which^ inoloeef lui^ exeaTatod ^paoe irf whioh the interior is the 
smaUesi; the outer avea-Aiia oircnBMoribed is broadly lentioolary while 
the inner^ <me ia rathec shorter and mnoh narvower. The outer dorsal 
ridges are -somtwhatieonvexy and ttte area inclosed is only slightly higher 
when the- shell is viewed lateral^. 8iir£BM}e ornamented with fine snb- 
equal <Hmceatric^8tria»« Ckmoboeele disjnnotai 6abb^ the only previously 
known species in this genus, is a larger, less oUique, and more trigonal 
shell, straightly truncated anteriorly, wh^was X}. cretacea is distbctly 
concave in that re^on. In our speoiea the prominent keels are entirely 
dorsal, and are- separated from the ventral margin by a considerable 
spacer indeed.by the whole ttpbmial end of the shell, whereas m G. 
disjuneta the ridges make a bold 4)urve from the beads to the posterior 
dorsal Qiar^n* 

The outline of this sematkable shell is so difibrent from its nearest ally, 
that a new specific name haa; been proposed for it. It is posmble that 
when hugof! series of specimens can bo compared^ our shell may prove to 
be only an immatnre state of the type species. 

The mariied differenoes between the two shells, however, as well as the 
oircmostance that the C4 di^uneta is described as a Miocene fossil, while 
tbe^ Yanoouver Idand shell is abnost unquestionably Cretaceous, seem to 
justify their separation, 

Akarte Oardmiaich$^ nov. ip.-r-Shell ovately-elliptical or sub-quad, 
rangular, very uneqnilateral, bluntiy truncate both in front and behind, 
but much narrower belund ; flattened or only very moderately convex. 
TJmboBes depressed^ placed aki about seven ^ghths of the length from the 
anterior end ; hinge line doping gradually downwards ; an obtuse and 
barely pereeptible ang^e runs from, the beaks to the posterior ventral mar- 
gin; posterior end fid)-truncate; ventral marg^i very [slightiy convex; 
anterior extremitj wider than the posterior, also subtruncate, but more 
produced towards the ventral margpn* Test tiiick, with a crenulated 
inner mar^^ : the sufisoe emmnented with tolenbly strong concentric 
costfld. Named from its dose resttnUance to siwie of tiie liassic Cardiniae. 

XocoZf^.— Novth WeiA Bay, YaMoaver Idand. 

CoUeiOcn'y^^'Ux. James Baehardson. 

AskttrU Vaiike$twermm$f mtv. sp.-^Shell oblong, very inequilateral, 
beaks almost terminal : very dKxrt in front, produced and somewhat pomt* 
edly rounded behind ; test thick^ mor^ orMiidated. Surface with con* 
centric costs, muok aa in the preoeding species. 

XooaK^.^-JSTortii West Bay, Vancouver Idand. Also coast a little W. 
of Nortii West Bay. 

CbSafieor.— Mr. James Bichardson. 

The interior characters of the two species just described cannot be 
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ascertained, but from the thickness of the test, the crennlated border, and 
suriiEbce markings, it is evident that they both belong to the Astariads. 
Their outline is not unlike some forms of Cyprioardia, but the groored 
ribs seem to place them in the typical genus Astarte. Only two or fliree 
specimens of each were obtained, and these appear to be water worn and 
are otherwise badly preserved. At first they were thought to be extreme 
forms of one variable species, but a more careful study of the specimens 
has led to a different concluaon. 

LoedUty. — ^Below Dodd Narrows. 

CoUeetor. —Mr. James lUchardson. 

TeUina Meddana^ no/v. $p. — Shell ovate, compressed, very inequilate- 
ral ; beaks one-third of the length from the anterior end, not very promi- 
nent, pointing slightly forwards ; hinge mar^ sloping down somewhat 
rapidly to the posterior end, which is narrowly rounded, much more so 
than is the opposite termination; base, elliptically convex. Test thin, 
ornamented with close, fine concentric striae. 

As none of the characters of the interior can be made out in the only 
specimen collected, it is by no means certain whether this shell belongs to 
the Tellinidsd or Veneridas. Its outline is singularly like that of Mere- 
trix lens, but the thinness of the test, the characters of the beaks, ihe 
sculpture, and flatness of the Gabriola Island shell, seem in &vor of the 
view taken. 

Locality. — Gabriola Island. From the Lower Shale, or Division B. 

OoUeetar^ — ^Mr. James lUchardson. 

Foiciolaria noduloutj nov. y>. — Shell angularly fusiform ; spre poin- 
ted, rather short, about one-fourth of the entire length of the shell, or 
less; body whorl conspicuously angulated below the suture, somewhat 
ventricose ; canal long and tapering, almost straight. The upper volu 
tions are undulately ribbed, and the body whorl is ornamented with raised 
nodulous, distant tubercles, or elevations, at the angle below the suture ; 
their interstices are widely excavated lon^tudinally. The whole sur&ce 
is covered with sub-equal, somewhat flattened, strong, transverse revolv- 
ing ribs, and the shell is also fBuntiy striated longitudinally. 

As the interior of the shell is not visible in any of the specimena 
collected, it is impossible to say whether tiiere are any plaits on the pillar 
or not. It is proviaonally placed in the genus Fasdolaria, on account of 
its close agreement in external characters with some recent species of 
this group, such as the F. fusiformis Lamarck, firom Port Philip. It may 
prove to be a Fusus, and indeed it bears no very remote resemblance io 
F. Mexicanus of Gabb. ; still, it differs from that shell in several important 
particulars. 

Locality. — ^Nanaimo Biver, Vancouver Island, two and a quarter nules 
up ; also Protection Island. 

Collector. — ^Mr. James Bichardson. 
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EXPLANATION OP PLATE. 

Fio. 

1. Lncina RiehardBonii. 
3. Oonchoeele eretooea. 

3. Astarte cardinioides. 

4. ** YanoovTorenfis. 
6. Dovinia tennif 7 Meek. 

6. Tellina If eekiana. 

7. and 7. a Fasdolaria nodulosa, Tiew of two diflbient indiTidiialf with the test Bhewing 

scnlptim presenred. 
7. b Ontline of another specimen of the same speciet . 
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